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!0 SYSTEM FOR PERFORMING HIP PROSTHESIS 

REVISION SURGERY 

CROSS REFERENCE TO RELATED APPLICATION 
This is a continuation-in-part of United States Application 
!5 Serial No. 07/565,149, filed August 10, 1990. 

BACKGROUND ART 
The present invention is directed to a method for performing 
revision surgery to replace a hip prosthesis having a stem portion 
20 previously implanted in the intramedullary canal of a femur and to a 
system for performing such surgery. 

As is well known, it is frequently necessary to replace a hip 
joint prosthesis. This is usually done several years after the original 
implantation in order to replace disfunctional joints or to obtain the 
25 benefits of one of newer design which resulted from advancements in 
medical technology. 

In the course of hip revision surgery, it is necessary to remove 
the femoral component including its stem from the intramedullary 
canal of the femur. If cement material was used to fix the stem 
30 within the intramedullary canal, it must be removed prior to 
implantation of the new prosthesis therein. Removal of the cement 
is accomplished by drilling or reaming. During such drilling or 
reaming procedure, it is important that the drill or reamer be 
properly aligned and guided to avoid accidental perforation of the 
35 cortex of the femur. 
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A number of prior art devices have been utilized for aligning 
drills or reamers in the performance of revision hip surgery. U.S. 
Patent No. 4,860,735 relates to a drill alignment guide for 
osteoplastic surgery in which an alignment rod is supported on a 
clamp element affixed to the femur. The drill is mounted for 
movement with an alignment rod which is parallel to and disposed a 
predetermined distance from a shaft of the drill. As the drill is 
moved forward, the forward end of the alignment rod moves through 
an aperture of the clamp element thereby insuring that drilling 
occurs along a predetermined drilled path extending along the bone 
^ axis. 

U.S. Patent No, 4,686,972 relates to a surgical deflector and 
drilling guide for guiding a drill bit, awl or reamer into a bone. The 
boring-tool guide assembly comprises a sleeve having a T-shaped nib 
which can be detachably inserted into a corresponding bracket 
permanently mounted against a tool having teeth designed to anchor 
the tool on a boney tissue. The surgeon can insert the tip of a drill 
bit, awl or reamer into the sleeve of the guide assembly when the 
teeth are anchored onto the boney tissue to obtain means for guiding 
the boring tool. 

A method of economically removing cement from the femoral 

25 

canal during revision surgery appeared in the publication 
"Orthopedics Today", September 1989, pages 18 and 19. Under the 
procedure described therein, a side cut and end cut reamer positioned 
in a guide sleeve is utilized to remove the cement. 

3Q A catalog entitled "Omniflex ™ Femoral System Surgical 

Protocol Press-Fit" copyright 1988 by Osteonics Corp., describes a 
cement removal system utilizing a tapered axial reamer. 

U.S. Patent No. 4,919,673 is directed to a femoral head 
prosthesis having a fixing stem with a longitudinal bore utilizing a 

^ ^ centering rod extending therethrough and engaged to a barrier at the 
lower end of the bone cavity. 
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Following removal of all of the old plastic cement and any 
cement restricter or plug which may have been used, the cavity 
remaining in the femur will be substantially larger than is necessary 
or desirable to accomodate the new femoral hip prosthesis. 
Accordingly, it is generally accepted procedure to place crushed 
cancellous bone graft in the enlarged cavity or femoral canal. Prior 
to positioning the new prosthesis in the femoral canal, the crushed 
cancellous bone graft is tamped in order to compact it and have it 
tightly packed in the femoral canal. The stem of the new prosthesis 
is then placed in the femoral canal with bone cement if the prosthesis 
is of a type intended for use with bone cement or without bone 
cement if such prosthesis is of a type intended to be used without 
such bone cement. If the crushed cancellous bone graft is tightly 
compacted prior to insertion of the stem of the new prosthesis 
therein, it may be necessary to enlarge the new cavity in the 
compacted crushed cancellous bone graft to receive the new 
prosthesis or use a smaller prosthesis than was intended. As is well 
known by those skilled in the art, it is necessary that the crushed 
cancellous bone graft be tightly compacted to provide for strong 
boney structure around the prosthesis and, if it is not compacted 
sufficiently tightly prior to introduction of the prosthesis, attempts 
must be made to further compact it after placement of the new 
prosthesis in the femoral canal. 

The foregoing prior art references are incorporated herein by 

reference and copies are herewith enclosed. 

DISCLOSURE OF INVENTION 
The parent application of the present continuation-in-part 
application provides for a new method of performing revision surgery 
utilizing improved means for insuring proper centering and guidance 
^ for of the reamer utilized for removing old bone cement. Such 
centering and guidance means insures proper positioning of the 
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revision prosthesis with an adequate thickness of bone cement there 
around and assists in avoiding accidental perforation of the cortex of 
the femur. Under such invention, the original femoral component is 
removed and then replaced by a cannulated trial femorarbomponent 
of similar size and shape to the original prosthesis which has been 
removed. X-rays taken prior to removal of the original prosthesis 
can be used to confirm that the original prosthesis is still properly 
aligned in the femoral canal and did not subside within the original 
cement mantle into varus. Assuming that the original prosthesis as 
removed was properly aligned, the cannulated trial femoral 
component is then inserted into the cavity left by the removal of the 
original prosthesis. An elongated drill is then inserted through the 
cannulated stem and, using the passageway of the cannulated stem as 
a guide, is utilized to drill through the cement and cement restricter 
at the bottom of the cavity thus forming a pilot hole in the cement, 
restricter and bone marrow therebelow. The pilot hole is sufficiently 
large to permit insertion of a bullit guidewire having a slightly 
enlarged head at its free end. Following insertion of the bullit guide 
wire, cannulated reamers of progressively increasing size are placed 
over the bullit guidewire and utilized to progressively increase the 
size of the prepared canal to (1) remove all of the old bone cement, 
centralizer and restricter and (2) reach a size suitable for receiving 
new bone cement and the stem of the new femoral hip joint 
prosthesis. 

As previously discussed, removal of the old bone cement will 
result in formation of a cavity in the femur significantly larger than 
required or desired to receive the new prosthesis and a portion of 
such cavity should be filled with crushed cancellous bone graft which 
is then tightly commpacted therein. 

According to the present invention, a method is provided using 
a cannulated tamp of the present invention to compact crushed 
cancellous bone graft placed in such enlarged cavity to the density or 
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tightness desired for optimum grafting with the remaining bone while 
at the same time forming a new cavity of the desired shape and size 
to receive the new prosthesis with the appropriate amount of bone 
cement. The present invention utilizing the cannulated tamp and 
guidewire may be used in revision surgery performed using alternate 
methods of removing bone cement as well as the method of removing 
bone cement disclosed in the parent of the present application. 

Accordingly, it is object of the present invention to provide a 
method and apparatus for performing revision surgery including 
specifically a method and apparatus for placement and compacting of 
crushed cancellous bone graft in an enlarged cavity in a manner 
which forms a cavity of the shape and size desired to receive the 
stem of a hip prosthesis. 

The invention will be more fully understood and other objects 
and advantages will become apparent from the following detailed 
description in conjunction with the attached drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is an elevational view, partially in section, showing a 
femoral hip joint prosthesis implanted in the femoral canal of a 
patient. 

Fig. 2 is a view similar to Fig. 1 showing the femur with the 
previously implanted femoral hip joint prosthesis removed. 

Fig. Z isjbl view similar to Figs. 1 and 2 showing the cannulated 
trial femoral component of the present invention positioned within 
30 the cavity previously occupied by the original femoral hip joint 
prosthesis. 

Fig. 4 is a view similar to Fig. 3 but showing the drilling of a 
pilot passageway utilizing the cannulated trial femoral component as 
a guide. 

35 Fig. 5 is a view similar to Fig. 4 following removal of the 

elongated drill bit and insertion of the guidewire with its enlarged 
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bullit head through the guide passageway of the cannulated trial 
femoral component and into the newly drilled pilot hole. 

Fig. 6 is a view similar to Fig. 5 but slightly enlarged for 
clarity, showing the reaming of the canal following removal of the 
cannulated trial stem and showing the first of several progressively 
larger reamers being utilized with the bullit guidewire as a guide to 
control the path of the reamer. 

Figs. 7 and 8 are view similar to Fig. 6 showing the femur as 
the canal is progressively enlarged with still larger reamers utilizing 
the bullit guidewire as a guide. 

Fig. 9 is a sectional view of a femur prepared for revision 
surgery with the old cement removed and the guidewire removed. 

Fig. 10 is a sectional view of a femur prepared for revision 
surgery showing placement of a new cement restricter. 

Fig. 11 is a view similar to Fig. 10 showing the next step of 
revision surgery. 

Fig. 12 is an elevational view of the cannulated tamp of the 

present invention. 

Fig. 13 is a view showing the guidewire to be used with the 
cannulated tamp in performing the method of the present invention. 

Fig. 14 is a sectional view showing the tamp with the guidewire 
extending therethrough positioned to compact bone graft material in 
the femur. 

Fig. 15 is a sectional view showing a new prosthesis implanted 
in the femur. 

BEST MODE OF CARRYING OUT INVENTION 
Referring now to Fig. 1, there is shown a femur generally 
designated by the number 10 having implanted therein a hip joint 
prosthesis 11 having a stem 12 implanted within the intramedullary 
canal 13 of the femur. The stem extends from a lower distal end 14 
to an upper portion which includes an enlarged shoulder 15 and a neck 
portion 16 disposed at an obtuse angle relative to the stem 12. 
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The prosthesis 11 is typically secured in the femoral 
intramedullary canal 13 by a cement mantle 17 of 
polymethylmethacrylate (PMMA) or other suitable bone cement. A 
restricter 18 is placed in the intra medullary canal -13 prior to 
introduction of the bone cement 17 therein. The distal end 14 of the 
stem may be engaged in a centralizer 19 which assists in centering 
the distal end 14 during the step of implantation of the prosthesis 11 
In the cement 17. The prosthesis 11 may be provided with an 
aperture 20 or other suitable grasping means to assist in its removal. 

m 

As shown in Fig. 2, the removal of the prosthesis 1 1 leaves a cavity 
25 conforming to the shape of the removed stem 12. Obviously, prior 
to removal of the prosthesis 11, any portion of the cement mantle 17 
such as that overlying the enlarged shoulder 15 as indicated by the 
numeral 26 in Fig. 1, must be removed. As can be seen in Fig. 2, the 
restricter 18 and centralizer 19 remain within the intramedullary 
canal 13 following removal of the prosthesis 11 as does the cement 
mantle 17 which retained the prosthesis 11. 

It is desirable that all of the old cement 17 be removed prior to 
implantation of a new prosthesis in the intramedullary canal 13. In 
order to effect such cement removal efficiently and with minimal 
risk to the patient, guide means for the drill and reamer are utilized 
for such removal. Referring to Fig. 3 f there is shown a cannulated 
trial femoral component 30 following its insertion into the cavity 25 
left by removal of the original prosthesis 11. The cannulated trial 
femoral component 30 preferably has a stem 31 which is shaped 
substantially the same as the shape of the stem- of the original 
prosthesis 11. The stem 31 extends from a distal end 32 to an 
enlarged upper end 34 extending out of the cavity 25. The stem 31 
has a longitudinally extending passageway 33 which extends from the 
distal end 32 to the upper end 34 where it forms an outlet opening 35. 



35 
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Prior to removal of the original prosthesis 11, X-rays should be 
taken to determine that the stem 12 of such original prosthesis was 
properly aligned in the intramedullary canal 13 and that it did not 
shift into varus as a result of subsidence within the cement mantle* 
Such subsidence within the cement mantle is known to occur over a 
period of time* 

As shown in Fig- 4, there is provided a drill 40 having an 
elongated drill bit 41. The drill bit 41 has a length permitting it to 
extend completely through the longitudinal passageway 33 of the 
cannula ted trial femoral component 30 and a substantial distance 
beyond- Thus, as shown in Fig- 4, the drill bit 41 is of sufficient 
length to drill, using the longitudinal passageway 33 as a guide, 
through the centralizer 19, restricter 18 and a substantial distance 
into the intramedullary canal 13 forming a new channel 42 below the 
restricter 18. 

Referring now to Fig. 5, there is shown a bullit guidewire 43 
having an enlarged head 44 positioned in the newly drilled channel 42. 

Thus, following drilling of the channel 42 through the 
centralizer 19, restricter 18 and further into the intramedullary canal 
13, the drill bit 41 is removed therefrom while leaving the cannulated 
trial femoral component 30 positioned therein. Thereafter, the guide 
wire 43 with its enlarged head 44 is inserted through the longitudinal 
passageway 33 and into the channel 42. Following insertion of the 
guidewire 43, the cannulated trial femoral component 30 is removed 
leaving the guidewire 43 in position. 

Referring now to Fig. 6, following removal of the cannulated 
trial femoral component 30, a reamer 50 having a hollow stem 51 
terminating in an enlarged cutting head 52 is provided. A 
longitudinal passageway 53 extends through the cutting head 52 and 
the stem 51. The reamer 50 is telescoped over the bullit guidewire 
43 and may be power rotated by any standard well known power 
means. 
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As can be seen in Figs. 7 and 8, progressively larger reamers 50 f 
(Fig. 7) and 50" (Fig. 8) with progressively larger cutting heads 52 1 
and 52" are utilized to progressively enlarge the opening of the cavity 
25 and remove the old cement 17, the centralizer~19 and the 
restricter 18 and to progressively enlarge the opening until all of the 
old cement 17 has been removed and in doing so to utilized the bullit 
guidewire 43 to guide it. If desired, as progressively larger reamers 
50, 50 f and 50" are used, larger diameter guidewires may be inserted, 
replacing the small guidewire 43 used for the drill bit 41. The larger 
guidewires will give additional rigidity in guiding the path of the 
reamers. 

Heferring to Fig. 9, following reaming of the old cement 17 in 
the lower portion of the femur and reaming of the centralizer 19 and 
restricter 18, the reamer and guidewire 43 may be removed. 
Although there will be additional old cement 17 still present in the 
upper, larger femur portion, it can be readily removed by 
conventional techniques. 

Referring now to Figs. 10-15, there is shown the method and 
apparatus for preparing a newly reamed cavity 57 of femur 56 
preparatory to receiving a new femoral hip prosthesis for 
implantation. Although not limited to such use, the method and 
apparatus disclosed and claimed herein is ideally suited for preparing, 
in revision surgery, a femur to receive a collarless polished tapered 
femoral prosthesis of the type manufactured and sold by Zimmer, 
Inc., Warsaw, Indiana as shown in its brochure entitled "The 
CPT ™ Hip System" (copy enclosed) which is incorporated herein by 
reference. 

Following removal of the old prosthesis, old cement and old 
restricter, a new cement restricter or plug 60 is placed at or near the 
bottom of the cavity 57. Preferably the restricter 60 is formed of 
2^ plastic and has a central threaded cavity 61 formed therein. A 
guidewire 62 having external threads 63 on its free end is threadedly 
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engaged to the restricter 60. A removable T-bar 64 of conventional 
5 design may be secured to the end of the guidewire 62 extending out 
of the cavity 57 of femur 56. One such T-bar is one manufactured 
and sold by Zimmer, Inc., under the name of T-HandlE (Zimmer 
Shank) Item No. 6551-60 of the above referenced brochure. The T- 
bar 64, when engaged to the guidewire 62 threadedly engaged to the 

10 restricter 60 may be used to position the restricter 60 in the cavity 
57. While still attached to the guidewire 62, the T-bar 64 is impacted 
to drive the restricter 60 to its proper position in the cavity 57. The 
T-bar 64 is then removed from the guidewire 62 leaving the guidewire 
in place threadedly engaged to the restricter 60. 

15 Referring now to Fig. 11, with the guidewire 62 and restricter 

60 in place, crushed cancellous bone graft material 65 is then loosely 

packed in the cavity 57. 

Referring now to Figs. 12 and 14, there is shown a cannulated 
tamp generally designated by the numeral 70 which, in Fig. 14, is 
20 shown positioned in the cavity 57 of the femur 56 being prepared to 
receive a new femoral prosthesis. The tamp includes a stem portion 
71 extending from an upper proximal end 72 to a lower distal end 73. 
The tamp 70 should have its stem 71 shaped similar to the shape of 
the femoral prosthesis intended to be implanted; however, ideally a 

25 series of tamps each of varying size will be utilized in performing a 
single revision surgery. Smaller sized tamps will be used initially 
with progressively larger ones used thereafter until the crushed 
cancellous bone graft material is compacted to the desired density 
and the new cavity thus formed will be of the desired size. The 

30 largest size tamp will be larger than the prosthesis intended to be 
implanted by an amount which will permit new bone cement used to 
implant such prosthesis to have a thickness of two to four millimeters 
in all portions of the stem. Thus, if the surgeon intends to use an 
implant of the type shown in the above-referenced Zimmer, Inc. 

35 brochure as a "CPT Hip Stem" the tamp 70 will have a stem 
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configuration similar to that of the CPT Hip Stem. Preferably all 
portions of the stem 71 are polished to a smooth finish. 

The tamp 70 has a longitudinal passageway 74. The upper or 
proximal end 72 of the tamp includes a protrusion 75 and knob 76 
intended to be engaged by a rasp handle 77 of any desired type such 
as that disclosed in the above-referenced Zimmer, Inc. brochure as 
item no. 6601-05. It should be understood that since the longitudinal 
passageway 74 extends through the distal end 73 of the tamp 70, the 
tamp 70 may be slightly shorter than the prosthesis to be used in the 
revision. The passageway 74 must be large enough to permit the 
tamp 70 to move freely over the guidewire 62. 

Referring to Fig. 13, there is shown a detailed view of the 
guidewire 62. The guidewire 62 is approximately 2-5mm in size, and 
in addition to the threads 63, may have a series of lines 67 for 
measuring depth to which the restricter is positioned. 

Referring to Fig. 14, with the rasp handle 77 engaged to the 
tamp 70 by means of the protrusion 75 and knob 76, the tamp 70 is 
positioned to be driven into the cavity 57 by means of the rasp handle 
76 being impacted by a hammer or other impacting device. With the 
tamp 70 positioned as indicated in Fig. 14 and with the guidewire 62 
extending through the longitudinal passageway 74, the position of the 
tamp 70 is precisely controlled as it is driven to the desired position 
within the cavity 57. As will be appreciated by those skilled in the 
art, from time to time it may be necessary to completely remove the 
tamp 70 to place additional bone graft material 65 therein in order to 
provide the sufficient quantity of material for impacting to the 
proper density. Additionally, as previously noted, it may be desirable 
to utilize a series of tamps 70 beginning with a smaller tamp and 
working up progressively to one which is larger than the desired 
prosthesis to permit an adequate amount of bone cement around such 
prosthesis on implantation. 
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Following tamping of the cancellous bone graft material 65 to 
the desired density and the resultant formation of a cavity of the 
proper size and shape the tamp may be removed from the newly 
formed cavity 78, the rasp handle 77 removed therefroitT, and the 
guidewire 62 may be unscrewed and removed from the restricter 60. 
The new cavity 78 is now ready to receive the new prosthesis. 

Fig. 15 shows the completed revision surgery with a new 
prosthesis 81 having a distal end 82 positioned in a support element 
83 implanted in bone cement 88. The support element 83 is formed 
of material suitable for implantation in a human body (such as 
PMMA) and has an annular sidewall 84 with a closed end 85 and an 
open top 86 in which the distal end 82 of the new prosthesis 81 is 
positioned. The distal end 82 is spaced from the closed end 85 to 
allow space for movement of such distal end 82 therein as the 
prosthesis 81, over time, subsides within the cement mantle 88 in 
which the new prosthesis is implanted. As will be appreciated and as 
can be seen in Fig. 15, the cement mantle 88 fills the cavity left by 
removal of the guidewire 62 from the restricter 60 and compacted 
bone graft. 

The present invention may be used in revision surgery 
irrespective of whether the prosthesis to be replaced was implanted 
with bone cement or was one designed and used without cement. The 
new prosthesis should be implanted in cement following completion of 
bone graft as described above. 

It is to be understood that the above detailed description of a 
preferred embodiment of the invention is provided by way of example 
only. Various details of design and construction and steps in the 
procedure may be modified without departing from the true spirit and 
scope of the invention as set forth in the appended claims. 



35 
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CLATMS: 

1. A method of performing revision surgery to replace a hip 
prosthesis (11) having a stem portion (12) previously implanted in the 
medullary canal (13) of a femur with a new hip prosthesis (81) having a stem 
10 portion comprising the steps of: 

(a) removing said hip prosthesis (1 1) from said femur; 

(b) enlarging the space (25) in said femur previously 
occupied by said hip prosthesis (1 1) to form a cavity (57) significantly larger 
than the stem portion of the new hip prosthesis (81) to be implanted therein, 

15 said cavity (57) having a bottom and an open top; 

(c) placing a restricter (60) at the bottom of said cavity (57), 
said restricter (60) having a guidewire (62) engaged thereto, said guidewire 
(62) extending from said restricter (60) to a point beyond said open top; 

(d) placing bone graft material (65) in said cavity (57); 
20 (e) providing a tamp (70) having a stem (71) extending from 

a proximal end (72) to a distal end (73) and having a configuration similar to 
the configuration of the stem portion of said new hip prosthesis (81) and 
having a passageway (74) extending through said stem (71) from said distal 
end (73) to said proximal end (72); 
25 (f) placing said tamp (70) over said guidewire (62) with the 

guidewire (62) extending through said passageway (74); 

(g) impacting said tamp (70) while guided by said guidewire 
(62) to compact said bone graft material (65) and to form a prosthesis 
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receiving cavity (78) larger than and similar in shape to the stem of said new 
hip prosthesis (81) to be implanted therein. 



10 



2. The method according to claim 1 further including the steps of: 

(h) placing bone cement (88) in said prosthesis receiving 
cavity (78); and, 

(i) positioning a hip prosthesis (81) in said prosthesis 
receiving cavity (78) with said new bone cement (88) having interfacial 
contact with the stem portion of said new hip prosthesis (81). 



3. The method according to claim 2 wherein said stem portion of 
said new hip prosthesis (81) extends from a proximal end of maximum cross- 
sectional size to a distal end (82) of minimum cross-sectional size and said 
distal end (82) has positioned thereover a support element (83) having 
15 sidewalls (84) engaged by the portion of said stem adjacent said distal end (82) 

and a closed end (85), said stem distal end (82) being spaced from closed end 
(85). 



4. A method of performing revision surgery to replace a hip 
20 prosthesis (1 1) having a stem portion (12) previously implanted in a cement 
mantle (17) in the medullary canal (13) of a femur with a new hip prosthesis 
(81) having a stem portion comprising the steps of: 

(a) removing said hip prosthesis (1 1) from said femur; 

(b) removing substantially all of the cement (17) of said 
25 cement mantle to form a cavity (57) significantly larger than the stem portion 

of the new hip prosthesis (81) to be implanted therein, said cavity (57) having 
a bottom and an open top; 

(c) placing a restricter (60) at the bottom of said cavity (57), 
said restricter (60) having a guidewire (62) engaged thereto, said guidewire 

30 (62) extending from said restricter (60) to a point beyond said open top; 

(d) placing bone graft material (65) in said cavity (57); 



BNSDOCID: <WO. 



9301773A1 I > 



WO 93/01773 PCT/US92/06039 

- 15 - ; 

(e) providing a tamp (70) having a stem (7 1 ) extending from 
a proximal end (72) to a distal end (73) and having a configuration similar to 
the configuration of the stem portion of said new hip prosthesis (81) and 
having a passageway (74) extending through said stem (71) from said distal 

5 end (73) to said proximal end (72); 

(f) placing said tamp (70) over said guidewire (62) with the 
guidewire (62) extending through said passageway (74); 

(g) impacting said tamp (70) while guided by said guidewire 
(62) to compact said bone graft material (65) and to form a prosthesis 

10 receiving cavity (78) larger than and similar in shape to the stem of said new 
hip prosthesis (81) to be implanted therein. 

5. The method according to claim 4 further including the steps of: 

(h) placing new bone cement (88) in said prosthesis 
15 receiving cavity (78); and, 

(i) positioning a new hip prosthesis (81) in said prosthesis 
receiving cavity (78) with said new bone cement (88) having interfacial 
contact with the stem portion of said new hip prosthesis (81). 

20 6 - Tne method according to claim 5, wherein said stem portion of 

said new hip prosthesis (81) extends from a proximal end of maximum cross- 
sectional size to a distal end (82) of minimum cross-sectional size and said 
distal end (82) has positioned thereover a support element (83) having 
sidewalls (84) engaged by the portion of said stem adjacent said distal end (82) 

25 and a closed end (85), said stem distal end (82) being spaced from closed end 

(85). 



7. A method of preparing the medullary canal (13) of a femur for 
implantation of a hip prosthesis (81) having a stem portion comprising the 
30 steps of: 
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(a) forming a cavity (57) significantly larger than the stem 
portion of the hip prosthesis (81) to be implanted therein, said cavity (57) 
having a bottom and an open top; 

(b) placing a restricter (60) at the bottom of said cavity (57), 
5 said restricter (60) having a guidewire (62) engaged thereto, said guidewire 

(62) extending from said restricter (60) to a point beyond said open top; 

(c) placing bone graft material (65) in said cavity (57); 

(d) providing a tamp (70) having a stem (71) extending from 
a proximal end (72) to a distal end (73) and having a configuration similar to 

10 the configuration of the stem portion of said new hip prosthesis (81) and 
having a passageway (74) extending through said stem (71) from said distal 
end (73) to said proximal end (72); 

(e) placing said tamp (70) over said guidewire (62) with the 
guidewire (62) extending through said passageway (74); 

15 (f) impacting said tamp (70) while guided by said guidewire 

(62) to compact said bone graft material (65) and to form a prosthesis 
receiving cavity (78) larger than and similar in shape to the stem of said hip 
prosthesis (81) to be implanted therein. 

20 8. The method according to claim 7 further including the steps of: 

(h) placing bone cement (88) in said prosthesis receiving cavity 

(78); and, 

(i) positioning a hip prosthesis (81) in said prosthesis 
receiving cavity (78) with said bone cement (88) having interfacial contact 

25 with the stem portion of said hip prosthesis (81). 

9. The method according to claim 8, wherein said stem portion of 
said hip prosthesis (81) extends from a proximal end of maximum cross- 
sectional size to a distal end (82) of minimum cross-sectional size and said 
30 distal end (82) has positioned thereover a support element (83) having 

sidewalls (84) engaged by the portion of said stem adjacent said distal end (82) 
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and a closed end (85), said stem distal end (82) being spaced from closed end 
(85). 



10. Apparatus for use in preparing a femoral cavity (78) to receive 
5 bone graft material (65) and a femoral hip prosthesis (81) comprising: 

(a) a guidewire (62); 

(b) means (60) for supporting said guidewire (62) 
longitudinally in said cavity (57); and, 

(c) cannulated tamp (70) means having a stem (71) 
10 extending from a proximal end (72) having a relatively large cross-sectional 

size and tapering to a distal end (73) having a relatively small cross-sectional 
size, said stem (71) having a passageway (74) sized to slideably receive said 
guidewire (62), said passageway (74) extending from said proximal end (72) 
to said distal end (73). 

15 
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CLAIMS: 

1. A method of performing revision surgery to replace a 
15 previously implanted hip prosthesis (11) having a stem portion (12) previously 

implanted in a medullary canal (13) of a femur with a new hip prosthesis (81) 
having a stem portion of predetermined configuration comprising the steps of: 

(a) removing said previously implanted hip prosthesis (11) 
from said femur thereby leaving a space (25) in said femur; 
20 (b) enlarging said space (25) in said femur previously 

occupied by said previously implanted hip prosthesis (11) to form a cavity 
(57) larger than the stem portion of the new hip prosthesis (81) to be 
implanted therein, said cavity (57) having a bottom and an open top; 

(c) placing a restricter (60) at the bottom of said cavity (57) , 
25 said restricter (60) having a guidewire (62) engaged thereto, said guidewire 

(62) extending from said restricter (60) to a point beyond said open top; 

(d) placing bone graft material (65) in said cavity (57); 

(e) providing a tamp (70) having a stem (71) extending from 
a proximal end (72) to a distal end (73) and having a configuration similar to 

30 said predetermined configuration and having a passageway (74) extending 

through said tamp stem (71) from said distal end (73) to said proximal end 
(72); 

(f) placing said tamp (70) over said guidewire (62) with the 
guidewire (62) extending through said passageway (74); 

(g) impacting said tamp (70) while guided by said guidewire 
(62) to compact said bone graft material (65) and to form a prosthesis 
receiving cavity (78) larger than and similar in shape to said predetermined 
configuration. 



35 
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2 . The method according to claim 1 further including the steps of: 

(h) placing new bone cement (88) in said prosthesis 

receiving cavity (78); and, 

(i) positioning said new hip prosthesis (81) in said 

5 prosthesis receiving cavity (78) with said new bone cement (88) having 
interfacial contact with the stem portion of said new hip prosthesis (81). 

3 . The method according to claim 2 wherein said stem portion of 
said new hip prosthesis (81) extends from a proximal end of maximum cross- 

10 sectional size to a distal end (82) of minimum cross-sectional size and said 
distal end (82) has positioned thereover a support element (83) having 
sidewalls (84) engaged by said stem adjacent said distal end (82) and a closed 
end (85), said stem distal end (82) being spaced from closed end (85). 

15 4. A method of performing revision surgery to replace a hip 

prosthesis (11) having a stem portion (12) previously implanted in a cement 
mantle (17) in a medullary canal (13) of a femur with a new hip prosthesis 
(81) having a stem portion of predetermined configuration comprising the 
steps of: 

20 (a) removing said previously implanted hip prosthesis (11) 

from said femur; 

(b) removing substantially all of said cement mantle to form 

a cavity (57) larger than the stem portion of the new hip prosthesis (81) to be 
implanted therein, said cavity (57) having a bottom and an open top; 
25 (c) placing a restricter (60) at the bottom of said cavity (57) , 

said restricter (60) having a guidewire (62) engaged, thereto, said guidewire 
(62) extending from said restricter (60) to a point beyond said open top; 

(d) placing bone graft material (65) in said cavity (57); 

(e) providing a tamp (70) having a stem (71) extending from 
30 a proximal end (72) to a distal end (73) and having a configuration similar to 

said predetermined configuration and having a passageway (74) extending 
through said stem (71) from said distal end (73) to said proximal end (72); 

(f) placing said tamp (70) over said guidewire (62) with the 
guidewire (62) extending through said passageway (74); 
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(g) impacting said tamp (70) while guided by said guidewire 
(62) to compact said bone graft material (65) and to form a prosthesis 
receiving cavity (78) larger than and similar in shape to said predetermined 
configuration. 

5. The method according to claim 4 further including the steps of: 

(h) placing new bone cement (88) in said prosthesis 

receiving cavity (78); and, 

(i) positioning a new hip prosthesis (81) in said prosthesis 
receiving cavity (78) with said new bone cement (88) having interfacial 
contact with the stem portion of said new hip prosthesis (81). 



6. The method according to claim 5, wherein said stem portion of 
said new hip prosthesis (81) extends from a proximal end of maximum cross- 
15 sectional size to a distal end (82) of minimum cross-sectional size and said 
distal end (82) has positioned thereover a support element (83) having 
sidewalls (84) engaged by said stem adjacent said distal end (82) and a closed 
end (85), said stem distal end (82) being spaced from closed end (85). 

20 7. A method of preparing a medullary canal (13) of a femur for 

implantation of a hip prosthesis (81) having a stem portion of predetermined 
configuration comprising the steps of: 

(a) forming a cavity (57) larger than said predetermined 

configuration, said cavity (57) having a bottom and an open top; 
25 (b) placing a restricter (60) at the bottom of said cavity (57), 

said restricter (60) having a guidewire (62) engaged thereto, said guidewire 
(62) extending from said restricter (60) to a point beyond said open top; 

(c) placing bone graft material (65) in said cavity (57); 

(d) providing a tamp (70) having a stem (71) extending from 
30 a proximal end (72) to a distal end (73) and having a configuration similar to 

said predetermined configuration and having a passageway (74) extending 
through said stem (71) from said distal end (73) to said proximal end (72); 

(e) placing said tamp (70) over said guidewire (62) with the 
guidewire (62) extending through said passageway (74); 
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(f) impacting said tamp (70) while guided by said guidewire 
(62) to compact said bone graft material (65) and to form a prosthesis 
receiving cavity (78) larger than and similar in shape to said predetermined 
configuration. 

5 

8. The method according to claim 7 further including the steps of: 

(h) placing bone cement (88) in said prosthesis receiving cavity 

(78); and, 

(i) positioning a hip prosthesis (81) in said prosthesis 
10 receiving cavity (78) with said bone cement (88) having interfacial contact 

with the stem portion of said hip prosthesis (81). 

9. The method according to claim 8, wherein said stem portion of 
said hip prosthesis (81) extends from a proximal end of maximum cross- 

15 sectional size to a distal end (82) of minimum cross-sectional size and said 

distal end (82) has positioned thereover a support element (83) having 
sidewalls (84) engaged by said stem adjacent said distal end (82) and a closed 
end (85), said stem distal end (82) being spaced from closed end (85). 

20 10. Apparatus for use in preparing a femoral cavity (78) to receive 

bone graft material (65) and a femoral hip prosthesis (81) comprising: 

(a) a guidewire (62); 

(b) means (60) for supporting said guidewire (62) 
longitudinally in said cavity (57); and, 

25 (c) cannulated tamp (70) means having a stem (71) 

extending from a proximal end (72) having a relatively large cross-sectional 
size and tapering to a distal end (73) having a relatively small cross-sectional 
size, said stem (71) having a passageway (74) sized to slideably receive said 
guidewire (62), said passageway (74) extending from said proximal end (72) 

30 to said distal end (73). 

11. Apparatus according to claim 10, wherein said means for 
supporting said guidewire (62) comprises a restricter (60) sized to be received 
in said femoral cavity (78). 
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12. Apparatus for performing revision surgery to replace a 
previously implanted hip prosthesis (1 1) having a stem portion (12) previously 
implanted in a medullary canal (13) of a femur with a new hip prosthesis (81) 
having a stem portion of predetermined configuration comprising: 

5 (a) a tamp (70) having a stem (71) extending from a 

proximal end (72) to a distal end (73) and having a configuration similar to 
said predetermined configuration and having a passageway (74) extending 
through said tamp stem (71) from said distal end (73) to said proximal end 
(72); 

10 (b) a guidewire (62) extending through said passageway 

(74); and 

(c) means (60) for supporting said guidewire (62) in said 
medullary canal (13), wherein said tamp (70) is movable over said guidewire 
(62) into and out of said medullary canal (13) to compact bone graft material 
15 (65) placed therein. 

13. Apparatus according to claim 12 further including a restricter 
(60) at the bottom of said cavity (57), said restricter (60) having said 
guidewire (62) engaged thereto, said guidewire (62) extending from said 

20 restricter (60) to a point beyond said medullary canal (13). 
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STATEMENT UNDER ARTICLE 19 

Applicant has provided amendments to claims 1, 2, 3, 4, 6, 7, and 9 
to better describe applicant's invention. Further, applicant has submitted new 
claims 11-13 which better distinguish the apparatus of applicant's invention in 
view of the cited art of record. 

Applicant submits that the amendments to the claims and the newly 
added claims 11-13 clarify applicant's invention and place the claims in such 
condition as to be novel and involving an inventive step when viewed in light 
of the cited art of record. 
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Description 

BACKGROUND OF THE INVENTION 

5 A. TECHNICAL FIELD 

The present invention relates to a block copolymer which displays excellent performance such as dispersibility, and 
to a production process for the block copolymer, and uses of the block copolymer. 

10 B. BACKGROUND ART 

Hitherto, a polyether block copolymer is known which has structural units derived from ethylene- and propylene 
oxides respectively. Such a block polymer has surface activity. However, when used as a pigment dispersant. it does 
not display satisfactory performance. In addition, when used as a water-treating agent, it does not display satisfactory 
scale inhibitabflity. either, and when used for trapping hardness components in water or used as a mud dirt dispersant, 
it does not provide any satisfactory results, either. 

As to a polymer having both structural units derived from an alkylene oxide and a carboxylic acid, USP 4.204,0$2 
discloses a random copolymer having structural units derived from ethylene oxide and a glyoxylic acid derivative 
respectively. In addition, USP 4,144,226 discloses a polymer of glyoxylic acid, of which both terminal moieties are eth- 
20 ylene glycol monoether derivative ones as obtained by reacting 1 to 3 molecules of ethylene oxide upon both terminal 
moieties of a polymer molecule for stabilization. These US patents both disclose that polymers, as disclosed therein 
are used as detergent builders. 

In the random copolymer as disclosed in USP 4,204,052, carboxylate ions are arranged on the polymer at random. 
For example, in the case where this polymer is used as a cement dispersant. it has negative charges to the same extent 
25 at any polymer side chain moiety and is therefore adsorbed to cement particles almost homogeneously. Thus, polymer 
moieties that are not adsorbed to cement particles are considered few. so it cannot be expected to effectively disperse 
cement particles utilizing steric repulsion between these polymer moieties that are not adsorbed to cement particles. In 
addition, in the case where the horrppolymers as disclosed in USP 4,144.226 are used as a cement dispersant the 
contribution of the terminal alkylene oxide moiety of this polymer is so small that this polymer is adsorbed strongly to 
cement particles that have positive charges, and therefore it cannot be expected to effectively disperse cement parti- 
cles, either. Accordingly, the polymers as disclosed in the above-mentioned US patents may have satisfactory perform- 
ance as builders, but are not sufficient with regard to the dispersibility, because marly carboxylate ions are arranged on 
the polymers. 

In addition, none of the polymers as disclosed in the above-mentioned US patents has a series of aJkylene oxide 
groups. Therefore, when used as detergent builders, these polymers only display insufficient dispersibility low washa- 
bilrty, and inferior biodegradability. 
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SUMMARY OF THE INVENTION 

40 A. OBJECTS OF THE INVENTION 

It is an object of the present invention to provide a new block copolymer which has a chemical structure different 
from those of the above-mentioned conventional polymers, and are excellent with regard to abilities such as dispersi- 
bility. chelatability. and scale inhibitability. 

45 It is another object of the present invention to provide a cement dispersant and a pigment dispersant which are 
excellent with regard to dispersibility. 

It is still another object of the present invention to provide a water-treating agent which is excellent with regard to 
dispersibility, chelatability, and scale inhibitability. .... 

It is still another object of the present invention to provide a detergent builder which is excellent with regard to dis- 
so persfoility and chelatability and has high washability and excellent biodegradability. and to provide a detergent compo- 
sition containing this detergent builder. 

It is still another object of the present invention to provide a process for producing the above-mentioned new block 
copolymer easily and efficiently 

55 B. DISCLOSURE OF THE INVENTION 

The present inventors studied the above-mentioned problems, and proposed a polymer which has a block structure 
of a polyether structural unit and a polycarboxylate structural unit which units have a polymerization degree of not less 
than a certain value to effectively display the workings of the polyether block moiety and polycarboxylate block moiety. 
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Thus, the inventors completed the present invention. 1 
A block copolymer, according to the present invention, includes: 

a polyalkylene glycol structural unit of the following general formula (1): 

wherein: n is an integer of 2 to 4; and x is a number of about 5 or more on average; and 
a polyglyoxylate structural unit of the following general formula (2): 



tCHOlj— (2) 

I _ • 

COOM 

wherein: M denotes one type selected from the group consisting of a hydrogen atom, alkyls with 1 to 4 carbon 
atoms, metal atoms of 1 to 3 in valency, ammonium groups, and organic amine groups; and y is a number of about 
10 or more on average. 

In the block copolymer identified immediately above, at least one terminal moiety may be selected from the group 
consisting of structures of the following general formulae (3) and (4): 



-OC n H2 n OR 1 (3) 

25 wherein: n is an integer of 2 to 4. and R 1 denotes one type selected from the group consisting of a hydrogen atom 
alkyls. alkenyls, alkylphenyls, phenyl, and benzyl; and 



— CHOX (4) 
I 

COOM 



wherein: M denotes one type selected from the group consisting of a hydrogen atom, alkyls with 1 to 4 carbon atoms, 
metal atoms of 1 to 3 in valency, ammonium groups, and organic amine groups; and X denotes a group which is chem- 
35 ically stable to depolymerization of the block copolymer. 

In general formula (1) mentioned above, x may be in a range of about 20 to about 500 on average. **** 
In the block copolymer of the present invention having general formulae (1) and (2). a ratio by weight of the poly- 
alkylene glycol structural unit to the polyglyoxylate structural unit may be in a range of about 2/8 to about 8/2. 

In the block copolymer of the present invention having general formulae (1 ) and (2). the number-average molecular 
40 weight of the block copolymer may be in a range of about 2.000 to about 50.000. 

In the bJock copolymer of the present invention having general formulae (1) and (2), one of the structural units may 
designated A, and the other structural unit may be designated B, and the block copolymer may be selected from the 
group consisting of an AB type block copolymer, an ABA type block copolymer, and a copolymer having at least one AB 
type block, at least one ABA type block, and at least one BAB type block 

In general formula (4) mentioned above, X may be selected from the group consisting of alkyls. oxygen^containing 
alkyls, and oxygen-containing cycloalkyls. 

In general formula (2) mentioned above, y may fall in a range of about 20 to about 500 on average. 
The block copolymer of the present invention having general formulae (1) and (2) may be prepared by the below- 
mentioned production process of the present invention. 

A cement dispersant, according to the present invention, includes the block copolymer of the present invention hav- 
ing general formulae (1) and (2). 

A pigment dispersant. according to the present invention, includes the block copolymer of the present invention 
having general formulae (1) and (2). 

A water-treating agent, according to the present invention, includes the block copolymer of the present invention 
55 having general formulae (1) and (2). 

In the water-treating agent of the present invention, n may be 2. 

A detergent builder, according to the present invention, includes the block copolymer of the present invention hav- 
ing general formulae (1) and (2). 

The detergent builder of the present invention may be used for a liquid detergent composition. 
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A detergent composition, according to the present invention, includes a surfactant and the detergent builder of the 
present invention. In this detergent composition, the surfactant is at least one type selected from the group consisting 
of anionic surfactants, nonionic surfactants, cationic surfactants, and amphoteric surfactants, and the surfactant 
includes a concentration of about 10 to about 60 % by weight of the detergent composition, and the detergent builder 
includes a concentration of about 0.1 to about 60 % by weight of the detergent composition. 

A process for producing a block copolymer, according to the present invention, includes the step of carrying out a 
polymerization reaction between: 

a polyalkylene glycol of the following general formula (5): 

R 1 04C n H 2n O> x H (5) 

wherein: R 1 denotes one type selected from the group consisting of a hydrogen atom, alkyls, afkenyls, alkylphenyls, 
phenyl, and benzyl; n is an integer of 2 to 4; and x is a number of about 5 or more on average; and 
a glyoxylic acid-based monomer of the following general formula (6): 

CHO (6) 
\ 

COOR2 

wherein R 2 denotes an alkyl with 1 to 4 carbon atoms; 

in the presence of a catalyst in a polymerization reaction system which has a water content of about 30 mol % or less 
relative to the polyalkylene glycol. 

It is preferable that the process of the present invention further includes the step of carrying out a saponification 
reaction of the resultant block copolymer using an alkaline substance, whereby the water solubility of the copolymer is 
enhanced. 

DETAILED DESCRIPTION OF THE INVENTION 

Block copolymer : ' 

The block copolymer of the present invention has a polyalkylene glycol structural unit of the above-mentioned gen- 
eral formula (1) and a polyglyoxylate structural unit of the above-mentioned general formula (2). 

The polyalkylene glycol structural unit is shown by general formula (1) and derived from a polyalkylene glycol. In 
general formula (1), n is an integer of 2 to 4. and x is a number of about 5 or more on average. 

If n is an integer of 2 to 4, there is no especial limitation with regard to n, and the polyalkylene glycol structural unit 
may be any of a polyethylene glycol structural unit of n=2, a polypropylene glycol structural unit of n=3, and a polybuty- 
lene glycol structural unit of n=4. However, in the case where the copolymer is used in an aqueous system, a polyeth- 
ylene glycol structural unit of n=2 is preferable for improving the water solubility of the copolymer. 

There is no especial limitation with regard to the average value of x, provided that it is about 5 or more. In the case 
where x is less than about 5, the dispersibility or the scale inhibitabflity is not adequately displayed. The average value 
of x is preferably about 10 or more, and an average value of x of about 20 to about 1 .000 is more preferable for obtaining 
more excellence with regard to dispersibility, chelatability, and scale inhibitability. The most preferable average value of 
x is in a range of about 20 to about 500. 

The polyglyoxylate structural unit is shown by general formula (2) and derived from a polyglyoxylate. In general for- 
mula (2), M denotes one type selected from the group consisting of a hydrogen atom, alkyls with 1 to 4 carbon atoms, 
metal atoms of 1 to 3 in valency, ammonium groups (NH 4 ). and organic amine groups; and y is a number of about 10 
or more on average. 

Specific examples of the alkyl with 1 to 4 carbon atoms can be enumerated as follows: methyl, ethyl, n-propyl. iso- 
propyi, n-butyl. iso-butyl, sec-butyl, tert-butyl. These alkyls may be used alone or in combinations of at least two thereof. 

Specific examples of the metal atom of 1 to 3 in valency can be enumerated as follows: lithium, sodium, potassium, 
magnesium, calcium, strontium, barium, aluminum, iron. These metal atoms may be used alone or in combinations of 
at least two thereof. 

The organic amine group is not especially limited, provided that it is a group having a structure in which at least one 
of the groups bonded to its nitrogen atom is an organic group and which can form a salt with a carboxyl group. Specific 
examples of such an organic amine group can be enumerated as follows: alkyl amines with 1 to 4 carbon atoms, such 
as ethylamine, n-propylamine, isopropylamine, n-butylamine. sec-butylamine, tert-butylamine. allylamine, dimethyl- 
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amine, diethylamine. triethylamine; other amines, such as dodecylarhine, octadecylamine, cyclohexyiamine, ben- 
zylamine. aniline, diprcpylamine, dicyclohexylamine, N.N-dimethyldodecylamine; alkanolamines, such as 
monoethanolamine, diethanolamine, triethanolamine. These organic amines may be used alone or in combinations of 
at least two thereof. 

M is preferably at least one type selected from the group consisting of: a hydrogen atom; metal atoms, such as 
sodium, potassium, magnesium, calcium; ammonium groups; and organic amine groups derived from organic amines 
such as alkanol amines, alkylamines with 1 to 4 carbon atoms. 

If M is an alky! with 1 to 4 carbon atoms, the functional group (-COOM) in the polyglyoxylate structural unit of gen- 
eral formula (2) is an ester group. On the other hand, it is preferable that if M is one type selected from the group con- 
sisting of metal atoms of 1 to 3 in valency, ammonium groups and organic amine groups, then the functional group (- 
COOM) in the polyglyoxylate structural unit of general formula (2) is a carboxylic acid salt group which produces affinity 
with substances positively charged by electrostatic action and thereby enhances the chelatability and the scale inhib- 
rtability. The ester group can easily be converted into the carboxylic acid salt group by the below-mentioned method. 
The average value of y is not especially limited, provided it is about 10 or more. However, in the case where y is 
is less than about 10, the improvement of the chelatability and the dispersibility. which improvement is not effected from 
the polyalkylene glycol structural unit, cannot be adequately obtained. The average value of y is preferably about 20 or 
more for the excellence in the performance, such as chelatability. dispersibility, scale inhibitability. and more preferably 
in a range of about 20 to about 500. 

The ratio of the combination of the polyalkylene glycol structural unit and the polyglyoxylate structural unit in the 
20 block copolymer is not especially limited, but the ratio by weight of polyalkylene glycol structural unitfcolyglyoxylate 
structural unit is preferably in a range of about 1/9 to about 9/1, more preferably, about 2/8 to about 8/2. because the 
excellent performance of a block copolymer with such a structural unit ratio is even better than the excellent perform- 
ance of a homopolymer consisting of the respective structural unit alone. 

The number-average molecular weight of the block copolymer is preferably in a range of about 1.500 to about 
25 1 ,000.000. more preferably, about 2,000 to about 50,000. In the case where the number-average molecular weight is 
out of these ranges, effects such as dispersibility which are produced by a block copolymer might not be adequately 
obtained. ~ 

The arrangement of each structural unit of the block copolymer is not especially limited, provided that the block 
copolymer contains the polyalkylene glycol structural unit (which hereinafter may be referred to as "A") and the polyg- 
lyoxylate structural unit (which hereinafter may be referred to as "Bl . However, the arrangement can roughly be clas- 
sified into the following ones (1) to (4): 



30 



40 



(1) AB type block copolymer; 

(2) BAB type block copolymer; 

35 (3) ABA type block copolymer; and 

(4) block copolymer in which arrangements (1) to (3) above are repeated. 

The structures of the terminal moieties of the polymer are not especially limited, but it is preferable that a structure 
of at least one terminal moiety of the polymer is selected from structures of general formulae (3) and (4), because a 
polymer having such a structure is more stable and therefore possesses excellent handling properties. In the case 
where a terminal of the repeated moieties of the polymer is a polyalkylene glycol structural unit, the structure of general 
formula (3) (which hereinafter may be referred to as "terminal structure a") is a structure of a terminal moiety of the pol- 
ymer. In addition, in the case where a terminal of the repeated moieties of the polymer is a polyglyoxylate structural unit, 
the structure of general formula (4) (which hereinafter may be referred to as "terminal structure b") is a structure of a 
45 terminal moiety of the polymer. 

Structures of one terminal moiety and of the other terminal moiety of the polymer may be shown by either the same 
or different general formulae selected from general formulae (3) and (4). In addition, when the structures of one terminal 
moiety and of the other terminal moiety of the polymer are shown by the same general formula, the structures of these 
terminal moieties may be either the very same structures as each other or those which are shown by the same general 

so formula, but are not the very same structures as each other. In other words, a given copolymer may have terminal moi- 
eties of different general formulae. Further, a given copolymer having terminal moieties of the same general formula 
may have terminal moieties which are different from each other. 

In terminal structure a, n is an integer of 2 to 4. and R 1 is one type selected from the group consisting of a hydrogen 
atom, alkyls. alkenyis. alkylphenyls, phenyl, and benzyl, wherein R 1 other than a hydrogen atom may be a substituted 

55 group. 

Specific examples of the alkyl used as R 1 can be enumerated as follows: methyl, ethyl, propyl, n-butyl. iso-butyl. 
lauryl, stearyl. These alkyls may be used alone or in combinations of at least two thereof. 

Specific examples of the alkenyl used as R 1 are propenyl and butenyl. These alkenyis may be used alone or in 
combinations of at least two thereof. 
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Specific examples of the alkylphenyl used as R 1 can be enumerated as ; follows: toluyl, xylyl, dodecylphenyl, nonyl- 
phenyl. These alkyfphenyls may be used alone or in combinations of at least two thereof. 

In terminal structure b, M is one type selected from the group consisting of a hydrogen atom, alkyls with 1 to 4 car- 
bon atoms, metal atoms of 1 to 3 in valency, ammonium groups, and organic amine groups, and X is a group which is 
chemically stable to depolymerization of the block copolymer: The group, which is chemically stable to depolymeriza- 
tion. is an optional group that is chemically stable to rapid depolymerization in an alkaline solution. 

As to M, the ones that are previously exemplified can be used, and preferable ones are also the same as those 
mentioned previously. 

X is a group which displays preferably less than a about 50 % ratio of decrease in the average chain length of the 
polyglyoxylate structural unit in the block copolymer at 20 °C in 1 hour in a 0.5 M aqueous sodium hydroxide solution 
containing 10 gA of the block copolymer, with the average chain length measured by NMR. 

Preferable group X can be exemplified by alkyls, oxygen-containing alkyls, oxygen-containing cydoalkyls. 

Specific examples of the alkyl can be enumerated as follows: methyl, ethyl, propyl, lauryl, stearyl. 

Specific examples of the oxygen-containing alkyl can be enumerated as follows: alkyls having carboxyl such as - 
CHgCOOM 1 , -CR 3 (COOM 1 ) 2 . - CH(COOM 1 )[CH(OH)COOM 1 ]. -CH(OCH 2 CH 3 )[CH(COOM 1 )2] (wherein: M 1 is one 
type selected from the group consisting of alkaline-metal atoms, ammonium groups, alkanolamine groups, and alkyls 
with 1 to 4 carbon atoms; and R 3 is one type selected from a hydrogen atom and alkyls with 1 to 8 carbon atoms)- alkyls 
having an ether group, such as - CHCH 3 OCH 2 CH 3 , -(CH 2 CH 2 0) 1 . 4 H: an aldehyde group and other oxygen-containing 
alkyls; and acyis of the following general formula (7): 



O 



-CRi 



(7) 



wherein R 1 is one type selected from the group consisting of a hydrogen atom, alkyls. alkenyls. alkylphenyls, phenyl, 
and benzyl; and the previously exemplified ones can be used as R 1 in the acyl. 

Specific exanples of the oxygen-containing cydoalkyl is a group of the following formula (8): 



30 



I 

CHO 



35 



(8) 



(CH 2 X 



X as mentioned above may be used alone or in combinations of at least two thereof. 

The above-explained block copolymer can preferably be used for cement dispersants, water-treating agents, and 
pigment dispersants. 

Process for producing block copolymer: 

A process of the present invention for producing a block copolymer is characterized by the step of allowing a gly- 
oxylic acid-based monomer of the aforementioned general formula (6) to react upon a polyalkylene glycol of the afore- 
mentioned general formula (5) by polymerization in the presence of a catalyst in a polymerization reaction system which 
has a water content of about 30 mol % or less relative to the polyalkylene glycol. 

The polyalkylene glycol is shown by general formula (5) and, for example, can be obtained by polymerizing an 
alkylene oxide in the presence of a polymerization catalyst. R 1 in the polyalkylene glycol is one type selected from the 
group consisting of a hydrogen atom, alkyls, alkenyls, alkylphenyls. phenyl, and benzyl, and n is an integer of 2 to 4. 
and the average value of x is about 5 or more, and details of these parameters with regard to the polyalkylene glycol 
are the same as explained in the preceding item on the block copolymer in this specification. Preferable ones are also 
the same as previously mentioned. In addition, if R 1 is a hydrogen atom, the polyalkylene glycol has hydraxyl at both 
terminal moieties, and the polymerization of the below-mentioned glyoxylic acid-based monomer is initiated from both 
terminal moieties of the polyalkylene glycol. Furthermore, if R 1 is a type other than an hydrogen atom, the polyalkylene 
glycol has hydroxy! at one terminal moiety and an ether group at the other terminal moiety, and the polymerization of 
the glyoxylic acid-based monomer is initiated from the one terminal moiety, to which hydroxyl is bonded, of the poly- 
alkylene glycol. 
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The glyoxylic acid-based monomer is an glyoxylic acid alkyl ester of -general formula (6). and R 2 therein is an alkvl 
with 1 to 4 carbon atoms. 

Specific examples of the alkyl with 1 to 4 carbon atoms, used as R 2 , are methyl, ethyl, n-propyl. «so-propyl n-butyl 
iso-butyl, sec-butyl, tert-butyl. These alkyls may be used alone or in combinations of at least two thereof 

The ratio of the combination of the polyalkylene glycol and the glyoxylic acid-based monomer is not especially lim- 
ited, but the ratio of polyalkylene glycol/glyoxylic acid-based monomer being about 1/9 to about 9/1 (w/w) is preferable 
in that a polymer having such a ratio displays better performance than a polymer obtained by polymerizing each mon- 
omer alone, and the more preferable ratio is in a range of about 2/8 to about 8/2. 

The production of the block copolymer is carried out in the presence of a catalyst. The catalyst is not especially lim- 
ited, but a specific example thereof is one type selected from the group consisting of cationic polymerization catalysts 
and anionic ones. 1 

Specific examples of the cationic polymerization catalyst are trifluoroboron etherate (BF 3 • EtoO) trifluoroacetic 
acid, hydrochloric acid, sulfuric acid, phosphoric acid, phosphorus pentaoxide. — 

Specific examples of the anionic polymerization catalyst are as follows: organornetallic compounds such as 
dietnytanc. n-butyllithium; alkaline-metal compounds, such as potassium hydroxide, sodium hydroxide calcium hydrox- 
ide, magnesium hydroxide; amines, such as triethylamine. N.N^iimethyldodecylamine; sodium methyl malonate ester 
alkalme-metal alkoxides. such as sodium methoxide. potassium methoxide. 

Generally, the anionic polymerization catalyst is preferable for the production of the block copolymer in that the 
number-average molecular weight of the resultant polymer is easy to control. 

The amount of the catalyst as used is not especially limited and depends upon the type of the catalyst However 
for example, the amount of the amine catalyst is preferably in a range of about 0.001 to about 10 % by weiaht of the 
monomers. 7 y 

The reaction temperature during the production of the block copolymer depends upon reaction conditions and is 
appropriately determined depending upon the type of the catalyst or solvent, but the production is usually carried out in 
a range of about -50 to about 50 *C. At a temperature lower than about -50 «C. cooling is difficult. At a temperature 
higher than about 50 °G. the yield of the resultant block copolymer decreases. 





T 
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1 



batch or continuous manner. 

30 The solvent used in the solution polymerization is not especially limited, provided the solvent satisfies conditions 
^ example, where the solvent is miscible with the polyalkylene glycol and the glyoxylic acid-based monomer, which are 
used in the reaction, and with the block copolymer resultant from the reaction, and" where the solvent does not take part 
m an undesirable side reaction. Specific examples of such a solvent are as follows: aromatic hydrocaibons such as 
benzene, toluene, xylene; aliphatic hydrocaibons, such as cyclohexane. n-hexane; hydrocarbon halides. such'as meth- 

35 ylene chloride; ester compounds, such as methyl acetate, ethyi acetate; ketone compounds, such as acetone ether 
compounds, such as tetrahydrofuran. dioxane. Of these solvents, at least one type selected from the group consisting 
of toluene, methyl acetate, dioxane. and acetone is preferable with regard to the ability to dissolve the reactants and the 
product and with regard to the convenience during use. 

In addition, the amount of the solvent as used is preferably in a range of about 10 to about 2.000 parts by weight 

40 per 100 parts by weight of the resultant copolymer not only for the productivity, but also in that side reactions can be 
inhibited. However, the reaction may be carried out without any solvents, provided the polyalkylene glycol is liquid at the 
reaction temperature. 

In the production process for the block copolymer, the polymerization reaction is carried out in a polymerization 
reaction system which has a water content of about 30 mol % or less, preferably about 10 mol % or less more prefer- 
45 ably about 1 mol % or less, relative to the polyalkylene glycol, and most preferably in a water-free system. In the case 
where the water content is too high, the production amount of a homopolymer. which is a by-product, of the glyoxylic 
acid-based monomer increases and therefore the yield of the aimed block copolymer decreases. Thus, it is preferable 
that the polyalkylene glycol. 1he glyoxylic acid-based monomer, and the solvent which is used if need arises are dehy- 
drated before mrtiating the polymerization reaction. The method for dehydration is not especially limited, but examples 
so thereof are azeotropic dehydration and addition of a dehydrator. 

In the production process for the block polymer, the arrangement of each structural unit in the resultant block copol - 
ymer depends upon a structure of a terminal moiety of the polyalkylene glycol. 

If R 1 in the polyalkylene glycol is a hydrogen atom, the polyalkylene glycol has hydroxy! at both terminal moieties 
and the polymerization of the glyoxylic acid-based monomer is initiated from both terminal moieties of the polyalkylene 
glycol to give a BAB block copolymer in which the structural units are arranged in the aforementioned order of B A B 
f the resultant BAB block copolymer is allowed to further react with an alkylene oxide of the following general formula 

w)- 
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30 



QvH^O 



(9) 



wherein n is an integer of 2 to 4 
io without converting a terminal moiety of the BAB block copolymer into a chemically stable group, an ABABA block copol- 
ymer is obtained in which the structural units are arranged in the aforementioned order of A. B, A, B, A. Furthermore if 
the resultant ABABA block copolymer is allowed to further react with the glyoxylic acid-based rnonomer by polymeriza- 
tion, a BABABAB block copolymer is obtained in which the structural units are arranged in the aforementioned order of 
B, A t B. A, B, A, B. An optional block copolymer can be produced by repeating such a polymerization reaction. 

As to n in general formula (9), ethylene oxide of n=2 is preferable because its solubility is good when used in an 
aqueous system. 

If R 1 in the polyalkylene glycol is a type other than a hydrogen atom, the polyalkylene glycol has hydroxy! at only 
one terminal moiety, and the polymerization of the glyoxylic acid-based monomer is initiated only from the one terminal 
moiety of the polyalkylene glycol to give an AB block copolymer in which the structural units are arranged in the afore- 
mentioned order of A, B. tt the resultant AB block copolymer is allowed to further react with an alkylene oxide of the 
above-mentioned general formula (9) without converting the B terminal moiety of the AB block copolymer into a chem- 
ically stable group (wherein because R 1 is a type other than a hydrogen atom, the A terminal moiety of the AB block 
copolymer has an ether bond and therefore does not participate in the reaction), then an ABA block copolymer is 
obtained in which the structural units are arranged in the aforementioned order of A. B, A. Furthermore, if the resultant 
ABA block copolymer is allowed to further react with the glyoxylic acid-based monomer by polymerization, an ABAB 
block copolymer is obtained in which the structural units are arranged in the aforementioned order of A. B, A, B An 
optional block copolymer can be produced by repeating such a polymerization reaction. Also in this case, as to n in gen- 
eral formula (9). ethylene oxide of n=2 is preferable because its solubility is good when used in an aqueous system 

The reaction conditions for reacting the block copolymer having the B terminal moiety with the alkylene oxide of 
general formula (9) by polymerization and the reaction conditions for reacting the block copolymer having the A terminal 
moiety with the glyoxylic acid-based monomer by polymerization are both the same as those aforementioned in detail 
with regard to the production process for the block copolymer, and the preferable ones are also the same as mentioned 
previously as to such production process for such block copolymer. 

In the case where a terminal moiety of the block copolymer obtained in this way is B, it is preferable that this termi- 
35 nal moiety is converted into a group stable to depolymerization in that the resultant block copolymer becomes stable 
In addition, in the case where the terminal moiety is A, the terminal moiety does not especially need to be converted 
into another group, but may be converted into a group stable to the depolymerization. 

An example of the method for converting the terminal moiety into a group stable to depolymerization is a method 
in which a block copolymer having a B terminal moiety is reacted with a reactive compound. 
40 Specific examples of the reactive compound are as follows: alkyl vinyl ethers, such as ethyl vinyl ether, butyl vinyl 
ether, propyl vinyl ether; substituted olefins, such as propylene, butyl ene. methyl acrylate; epoxides, such as ethylene 
oxide, propylene oxide, epichlorohydrin; alcohols, such as methanol, ethanol, propyl alcohol; alkyl halides, such as 
methyl iodide, iso-propyl chloride, tert-butyl chloride; allyl halides. such as allyl chloride; acetals, such as acetaldehyde 
dimethylacetal; alkyl sulfates, such as dimethyl sulfate, diethyl sulfate; benzyl halides. such as benzyl chloride, benzyl 
45 bromide. These reactive compounds may be used alone or in combinations of at least two thereof. 

The amount of the reactive compound as used is not especially limited, but the amount is preferably in a range of 
about 1 . 1 to about 10. in terms of molar ratio, relative to the block copolymer having a B terminal moiety. 

Specific examples of the reaction catalyst are as follows: protonic acids, such as hydrochloric acid, hydrobromic 
acid, hydroiodic acid, trifluoroacetic acid, phosphoric add; Lewis- adds, such as aluminum chloride, alkylaluminum hal- 
50 ides, trialkylaluminums. These reaction catalysts may be used alone or in combinations of at least two thereof. 

The amount of the reaction catalyst as used is not espedally limited, and is appropriately determined depending 
upon the type of the reaction catalyst 

In the reaction with the reactive compound, the same solvent that is used in producing the block copolymer can be 
used. In addition, the reaction is preferably carried out in a temperature range of about 0 to about 50 °C. 
55 The glyoxylic acid-based monomer used in the production process for the block copolymer is a glyoxylic add alkyl 
ester and therefore has a structure in which an ester group is pendent from the principal chain of the copolymer. This 
ester itself can also be used for the below-mentioned various purposes, but it is preferable that the resultant block copol- 
ymer is then saponified with an alkaline substance to convert the ester group into a carboxylic add salt group, because 
the block copolymer thereby becomes highly soluble in water when used in an aqueous system. 
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Specific examples of the alkaline substance are hydroxides of metals with a valence of 1 to 3. such as potassium 
hydroxide, sodium hydroxide, calcium hydroxide. These alkaline substances may be used alone or in combinations of 
at least two thereof. 

The amount of the alkaline substance as used is not especially limited, but the amount is preferably in a range of 
about 1.0 to about 2.0, more preferably about 1.1 to about 1.5; in terms of molar ratio, relative to the glyoxylic acid- 
based monomer used in the polymerization reaction. 

The saponification reaction is preferably carried out at a temperature of about 0 to about 100 °C more preferably 
about 20 to about 70 °C. by adding the block copolymer into an aqueous solution containing the alkaline substance 

The 1 - to 3-valent metal carboxylate group obtained by the saponification reaction can easily be converted into an 
ammonium carboxylate group or a carboxylic acid amine salt group by methods such as ion exchange methods For 
example, salt exchange is carried out by mixing strong acid salts such as amine hydrochlorates and. if necessary then 
the resultant inorganic salt may be removed. 

Uses of block copolymer : 
[Cement dispersant] 

The cement dispersant includes the aforementioned block copolymer. 

The block copolymer included in the cement dispersant is not especially limited, provided the copolymer is the 
aforementioned one. However, the ratio of the combination of the polyalkylene glycol structural unit and the polyglyox- 
ylate structural unit in the block copolymer [polyalkylene glycol structural unit/pofyglyoxylate structural unit (ratio by 
weight)] is preferably about 30/70 or more in that the amount of the block copolymer as added can be decreased and 
the viscosity also can be decreased. In addition, the polyalkylene glycol structural unit is preferably a polyethylene gly- 
col structural unit in that the block copolymer having this structural unit is excellent in the water solubility. Furthermore 
the number-average molecular weight of the block copolymer included in the cement dispersant is preferably in a ranae 
of about 2.000 to about 50,000. 

K.~J hS avera9e number of ■*» alkylene glycol structural units composing the polyalkylene glycol structural unit of the 
block copolymer m the cement dispersant namely, the average value of x in general formula (1). is not especially lim- 
ited; provided it is about 5 or more. However, an average value of x of about 10 to about 80 is preferable for the improve- 
ment of the fluidity of cement and a more preferable average value of x is in a range of about 20 to about 60 In addition 
the average number of the glyoxylate structural units composing the polyglyoxylate structural unit of the block copoly- 
mer rnthe cement dispersant. namely, the average value of y in general formula (2). is not especially limited provided 
it rs about 10 or more. However, an average value of y of about 10 to about 100 is preferable for the decrease of the 
amount of the block copolymer as added, and a more preferable average value of y is in a range of about 20 to about 50 

If the above-mentioned cement dispersant is used for cement compositions such as cement mortar and concrete 
the block copolymer displays the ability to improve the performance of the cement compositions as fellows'- the dispers- 
ibilrty can be improved, the fluidity can be enhanced, and the setting time can be lengthened, without bringing about 
great retardment of the setting because of addition of the cement dispersant. whereby the workability of construction 
using mortar or concrete is greatly improved. Accordingly, this cement dispersant. for example, can be used as a fluid- 
•zing agent tor concrete such as ready-mixed concrete. Particularly, this cement dispersant serves as a plant-simulta- 
neously-added type high performance AE (air-entraining) water-reducing additive to easily enable the production of 
ready-mixed concrete having the composition of a high water-reducing ratio. 

The cement dispersant. for example, can be used for dispersing hydraulic cement, such as porrJand cement alu- 
mmacement. vanous types of mixed cement, and for dispersing hydraulic materials other than cement, such as plaster 

The ratio of the combination of the cement dispersant to cement is not especially limited, but the amount of the 
cement dispersant is preferably in a range of about 0.01 to about 1.0 parts by weight relative to 100 parts by weight of 
cement. 

Examples of methods for using the cement dispersant are: a method in which the cement dispersant is dissolved 
into knead-mixing water and then added simultaneously with knead-mixing water in preparing a cement composition- 
and a method in which the cement dispersant is added to an already kneaded cement composition 

The cement dispersant can also be used as a high performance water-rediicing additive for producing secondary 
concrete products, and can reduce the water content and therefore enhance the strength. 

[Pigment dispersant} 

The pigment dispersant includes the aforementioned block copolymer. 

The block copolymer included in the pigment dispersant is not especially limited, provided it is the aforementioned 
block copolymer. The pigment dispersant includes the block copolymer as the essential component and may further 
include other conponents. 
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The pigment dispersant Is used for dispersing pigments, such as kaolin, clay, calcium carbonate, titanium oxide 
banum sulfate, satin white, magnesium hydroxide, into water. 

The average number of the alkylene glycol structural units composing the polyalkylene glycol structural unit of the 
block copolyrror in the pigment dispersant. namely, the average value of x in general formula (1). is not especially lim- 
s ited. provided it is about 5 or more. However, an average value of x of about 5 to about 30 is preferable for lowerino the 
viscosity of a pigment slurry, and a more preferable average value of x is in a range of about 8 to about 20 m addffion 
the average number of the glyoxylate structural units composing the polyglyoxylate structural unit of the block copoly- 
mer inthe pigment dispersant. namely, the average value of y in general formula (2). is not especially limited, provided 
.« lf° Ji* more . However ' an averaae ^'"e <* Y <* abo^ 10 to about 200 is preferable for improving the stability 
io with time of the viscosity of a pigment slurry, and a more preferable average value of y is in a range of about 20 to about 

The ratio of the combination of the pigment dispersant to pigment is not especially limited, but the amount of the 
pfgmtm rSant iS Preferab,y in 3 ran9S ° f abCUi 0 01 to Sb ° Ut 1 0 parts b V wei 9W relative toTuo parts by weight of 

15 Be ?lf e °L ! u C,USi ° n * block ^P 01 *"*' «» P'srnent dispersant can produce a dispersion that is excellent in 
dispersibilrty and has a low viscosity even in a high concentration and is excellent in stability. Therefore the pigment dis- 
persant can particularly -favorably be used as a dispersant used for dispersing pigments for paper, and also can widely 
be applied in fields such as fiber processing, building material processing, coatings, ceramics. 

20 [Water-treating agent] 

The water-treating agent includes the aforementioned block copolymer. 
U1 J* 16 "** included in the water-treating agent is not especially limited, provided it is the aforementioned 

"^copolymer. 71,6 water-treating agent includes the block copolymer as the essential component and may further 
2s include other components. « u >«r lumw 

The water-treating agent is excellent in chelatabilrty and scale inhibitability due to the block copolymer and there- 
fore can be used for inhibiting formation of scale in systems, such as cooling water-circulating systems, boiler water- 
arculaftng systems, seawater desalination plants, pulp digesters, black liquor evaporatore 

The average number of the alkylene glycol structural units composing the polyalkylene glycol structural unit of the 
30 Mock copolymer in the water-treating agent, namely, the average value of x in general formula (1). is not especially lim- 
ited, provided it s about 5 or more. However, an average value of x of about 5 to about 20 is preferable for improvina 
the gelation resistance of the water-treating agent, and a more preferable average value of x is in a range of about 8 to 
about 18. In addition, the average number of the glyoxylate structural units composing the polyglyoxylate structural unit 

« « r t ^, C ° P ° *** water - trea,in 9 a 9 ent . "amely. the average value of y in general formula (2), is not espe- 

35 ciallylimrted, provided it is about 1 0 or more. However, an average value of y of about 1 0 to about 1 00 is preferable for 

inhibiting the formation of calcium scale, and a more preferable average value of y is in a range of about 1 5 to about 50 
The ratio of the combination of the water-treating agent to water is not especially limited, but the amount of the 

water-treating agent is preferably in a range of about 1 to about 1 00 mg per liter of water. 

40 [Detergent builder and detergent composition] 

The detergent builder includes the aforementioned block copolymer. 

The detergent builder includes the block copolymer as the essential component, and may further include other 
components, such as other acetai -based polymers, vinylic polymers. 

45 The detergent builder is a component that is added to the below-mentioned detergent composition together with a 
surfactant, and is excellent with regard to dispersibility and chelatabilrty. and has high washabilrty and excellent biode- 
gradability. The detergent builder serves to maintain a pH of an aqueous solution containing a detergent composition at 
a constant value, to scavenge components, such as a calcium ion. in the aqueous solution, to disperse dirt as removed 
from objects being washed, into water, and to prevent the dirt from attaching again to the objects being washed 

so If the block copolymer in the detergent builder is a block copolymer of the present invention, the form of the deter- 
gent composition may be either liquid or powdered and therefore is not especially limited. However, the detergent 
bulkier is preferably used for a liquid detergent composition, because the detergent builder has excellent compatibility 
with the surfactant and therefore gives a high concentrated liquid detergent composition. 

When the detergent composition is a liquid one. the average number of the alkylene glycol structural units compos- 

55 mg the polyalkylene glycol structural unit of the block copolymer in the detergent builder used for the detergent compo- 
sition, namely, the average value of x in general formula (1). is not especially limited, provided it is about 5 or more 
However, an average value of x of about 5 to about 20 is preferable for dispersing mud dirt components, and a more 
preferable average value of x is in a range of about 8 to about 18. and the most preferable one is in a range of about 1 0 
to about 15. In addition, the average number of the glyoxylate structural units composing the polyglyoxylate structural 
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unit of the block copolymer in the detergent builder used for the detergent composition, namely, the average value of y 
in general formula (2). is not especially limited, provided it is about 10 or mora However, an average value of y of about 
10 to about 200 is preferable for enhancing the compatibility, and a more preferable average value of y is in a range of 
about 30 to about 100, and the most preferable one is in a range of about 50 to about 80. 

In addition, when the detergent composition is a powdered one, the average number of the alkylene glycol struc- 
tural units composing the polyalkylene glycol structural unit of the block copolymer in the detergent builder used for the 
detergent composition, namely, the average value of x in general formula (1), is not especially limited, provided it is 
about 5 or more. However, an average value of x of about 5 to about 20 is preferable for enhancing the dispersibifity to 
mud dirt, and a more preferable average value of x is in a range of about 8 to about 18, and the most preferable one is 
in a range of about 10 to about 1 5. In addition, the average number of the glyoxylate structural units composing the pol- 
yglyoxylate structural unit of the block copolymer in the detergent builder used for the detergent composition namely, 
the average value of y in general formula (2), is not especially limited, provided it is about 10 or more. However' an aver- 
age value of y of about 30 to about 500 is preferable for enhancing the chelatability, and a more preferable average 
value of y is in a range of about 60 to about 400. and the most preferable one is in a range of about 80 to about 400 

The reason why, as above-mentioned, the preferable range of y of the block copolymer in the detergent builder for 
the liquid detergent composition is less than that for the powdered detergent composition is because the glyoxylate 
structural unit is relatively sparingly soluble in water, and because a large value of y therefore makes the liquid deter- 
gent composition difficult to use. In addition, the reason is also because while a surfactant added to the powdered deter- 
gent composition is mainly anionic, a surfactant added to the liquid detergent composition is mainly nonionic and 
because the detergent performance is measurable even if the number of the glyoxylate structural units composing the 
polyglyoxylate structural unit is small. 

The detergent composition includes a surfactant and the above-mentioned detergent builder as the essential com- 
ponents, and. as needed, may further include the below-mentioned other components. 

The surfactant is at least one type selected from the group consisting of anionic surfactants, nonionic surfactants 
cationic surfactants, and amphoteric surfactants. These surfactants may be used alone or in combinations of two or 
more thereof. 

Specific examples of the anionic surfactant are alkylbenzenesulfonic acid salts, alkyl or alkenyl ether sulfuric acid 
salts; alkyl- or alkenylsulfuric acid salts, a-olefinsulfonic add salts; a-sulfofatty acids or ester salts thereof alkanesul- 
fonic acid salts,saturated or unsaturated fatty add salts, alkyl or alkenyl ether carboxylic add salts, amino add type sur- 
factants, N-acylamino acid type surfactants, alkyl- or aikenylphosphoric acid esters or salts thereof. 

Specific examples of the nonionic surfactant are polyoxyalkylene alkyl or alkenyl ethers, polyoxyethylene alkyl phe- 
nyl ethers, higher fatty acid alkanolamides or alkylene oxide adducts thereof, sucrose fatty add esters, alkyl glycoxides 
fatty acid glycerol monoesters, alkylamine oxides. 

Specific examples of the cationic surfactant thereof are quaternary ammonium salts. 

Specific examples of the amphoteric surfactant are carboxyl type or sulfobetaine type amphoteric surfactants. 

The concentration of the surfactant in the detergent composition is usually in a range of about 1 0 to about 60 % by 
weight, preferably, about 1 5 to about 50 % by weight, of the detergent composition. In the case where the concentration 
of the surfactant is less than about 10 % by weight, suffident washability cannot be displayed. On the other hand in the 
case where the concentration of the surfactant is more than about 60 % by weight, there is no problem on the perform- 
ance, but economic disadvantage is involved. 

The concentration of the detergent builder in the detergent composition is usually in a range of about 0 1 to about 
60 % by weight, preferably, about 3 to about 30 % by weight, of the detergent composition. In the case where the con- 
centration of the detergent builder is less than about 0.1 % by weight, sufficient washability cannot be displayed On the 
other hand, in the case where the concentration of the detergent builder is more than about 60 % by weight, there is no 
problem on the performance, but economic disadvantage is involved. 

When desired, the detergent composition can further include other components, for example enzymes (e g pro- 
tease, (alkali) lipase, (alkali) cellulase), alkali builders (e.g. silicates, carbonates, sulfates), chelate builders (e g digly- 
colic acid, oxycarboxylates. EDTA (ethylenediaminetetraacetate), DTPA (diethyl enetriaminehexaacetate). citric add), 
reattachment inhibitors, fluorescent agents, bleachers, perfumes, zeolite, in addition to the surfactant and the detergent 
builder. These other components may be used alone or in combinations of two or more thereof. 

Of the enzymes, alkali lipase and alkali cellulase are particularly preferable; because they are high active in alkali 
washing liquids. The concentration of the enzyme in the detergent composition is usually in a range of about 0.01 to 
about 5 % by weight of the detergent composition. In the case where the enzyme concentration is less than 0 01 % by 
weight, sufficient washability cannot be displayed. In the case where the enzyme concentration is more than 5 % by 
weight there is no problem on the performance, but economic disadvantage is involved. 

In addition, the block copolymer is also useful as various materials, such as binders for ceramic fiber-treating 
agents, flocculants. besides the above-mentioned uses. 
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(Advantages of the invention): - 

Because the block copolymer of the present invention has a polyalkylene glycol structural unit of general formula 
(1 ) and a polyglyoxylate structural unit of general formula (2), this copolymer can provide a new block copolymer that is 
s excellent with regard to abilities such as dispersibility, chelatability. and scale inhibrtability. 

If a structure of at least one terminal moiety of the polymer is selected from the group consisting of structures of 
general formulae (3) and (4). the stability of the polymer is enhanced and handling-properties of the polymer are excel- 

Because the cement- and pigment dispersants of the present invention both include the block cooolvmer thev are 
10 excellent with regard to dispersibility. ' 

Because the water-treating agent of the present invention includes the block copolymer, this agent is excellent with 
regard to dispersibility, chelatability, and scale Inhibrtability. 

regard to dispersibility. — 

Because the detergent builder and the detergent composition of the present invention both Include the block copol- 
ymer, they are excellent with regard to dispersibility and chelatability and has high washability and excellent biodegrad- 
ability* 

As aforementioned, the present invention process for producing a block copolymer includes the step of carrying out 
a polymerization reaction between a polyalkylene glycol of general formula (5) and a glyoxylic acid-based monomer of 
general formula (6) in the presence of a catalyst in a polymerization reaction system which has a water content of about 
30 mol % br less relative to the polyalkylene glycol. Therefore, this process can easily and efficiently produce a new 
block copolymer that is excellent with regard to abilities such as dispersibility, chelatability, and scale inhibitability. 

If the resultant block copolymer is then saponified with an alkaline substance, the block copolymer becomes more 
water-soluble, and effects from the water-solubility are enhanced. 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention is more specifically illustrated by the following examples of some preferred 
embodiments in comparison with comparative examples not according to the invention. However, the present invention 
is not limited to these examples. 



15 
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40 



EXAMPLE A1 

First 80 ml of toluene, 33 g of polyethylene glycol monomethyl ether (molecular weight: 4,400). and 1 2 uJ of pyrid- 
ine as a polymerization catalyst were supplied into a glass-made reaction vessel equipped with a stirrer a thermometer 
a nitrogen gas introducing tube, a condenser, and a dropping tunnel. Next 35 g of freshly distilled methyl glyoxytate was 
dropwise added into the reaction vessel over a period of 30 minutes, with the reaction temperature controlled to not 
higher than about 40 °C by cooling the reaction vessel. 

The resultant reaction mixture was cooled to 20 °C, and 0.03 g of trifiuoroboron etherate was then added to the 
reaction mixture and completely dissolved by stirring for 10 minutes. Next, a mixed liquid of 1 .0 g of ethylene oxide and 
1 0 ml of toluene was dropwise added to the reaction mixture over a period of 30 minutes. After the addition had finished 
the reaction mixture was further stirred for 60 minutes to thereby produce a stabilized ester polymer. The above-men- 
tioned operations were all carried out under water-free conditions under nitrogen atmosphere. 

A saponification reaction was carried out by adding sodium hydroxide of 1 .2 times by mol of the preceding methyl 
glyoxylate. as used for the polymerization, into the reaction solution containing the resultant stabilized ester polymer. 
Toluene and methanol were then removed from the resultant solution of a product, thus obtaining an aqueous polymer 
solution containing block copolymer 1 . 

Block copolymer 1 was analyzed by gel permeation chromatography (hereinafter abbreviated to GPC). As a result 
the peak of the polyethylene glycol monomethyl ether, as used as a starting material of the reaction, disappeared, and 
instead a new peak was recognized on a high molecular side, and the number-average molecular weight of block copol- 
ymer 1 was 9.000. In addition, results from measuring 1 H-NMR and IR spectra of block copolymer 1 were as follows: 

1 H-NMR (5 value, solvent: heavy water) 
3.4-3.8 (7H) 
4.9-5.2 (1 H) 

55 (The number of protons shows the respective ratios.) 

IR spectrum 

2,880, 2,740; 1,630 (carboxylate); 1,430 (carboxylate); 1,300; 1110 (ether bond, acetal bond)- 940 840 
680; 520 cm 1 



so 
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EXAMPLE A2 



u ?" WaS Camed OU * in the same way as 01 Example A1 except that the amount of methyl glyoxylate as used 
was changed from 35 g to 1 8 g. thus obtaining an aqueous polymer solution containing block copolymer 2 Block coool- 
5 ymer 2 was analyzed by GPC. As a result, the peak of the polyethylene glycol monomethyl ether, as used as a starting 
material of the reaction, disappeared, and instead a new peak was recognized on a high molecular side Hie number 
average molecular weight of block copolymer 2 is shown in Table 1 . 

EXAMPLE A3 

10 

First 80 ml of toluene. 30 g of polyethylene glycol (molecular weight: 3.000). and 1 6 nl of pyridine as a polymeriza- 
tion catalyst were supplied into a glass-made reaction vessel equipped with a stiner, a thermometer, a nitrogen gas 

■ 3 condenser ' and a topping funnel. Next. 55 g of freshly distilled methyl glyoxylate was dropwise 
added .mo the reaction vessel over a period of 30 minutes. The subsequent operations were carried out in the same 
15 way as ™ Exam Ple A1 . thus obtaining an aqueous polymer solution containing block copolymer 3. Block copolymer 3 
was analyzed by GPC. As a result, the peak of the polyethylene glycol, as used as a starting material of the reaction 

^ ', ' nStead 3 nCW peakw3S rec °9™zed on a ni 9h molecular side. The number-average molecular weight 
of block copolymer 3 is shown in Table 1 . u 

so EXAMPLE A4 

was r^JTJT flS ^ "I tHe , Sam ° ^ 35 * Example A1 exce P t that PCyethylene glycol monomethyl ether 
was replaced with polyethylene glycol monophenyl ether (molecular weight: 1 ,000). and that the amount of methyl gly- 
oxylate as used was changed to 18 g. thus obtaining an aqueous polymer solution containing block copolymer 4 Block 
25 copolymer 4 was analyzed by GPC. As a result, the peak of the polyethylene glycol monophenyl ether, as used as a 
starting matenal of the reaction, disappeared, and instead a new peak was recognized on a high molecular side The 
number-average molecular weight of block copolymer 4 is shown in Table 1. " ' 



so 



55 



EXAMPLE A5 



u. a ™^T I ? ^ OUt **! ^ as of Exam P |e A1 exce P* «hat polyethylene glycol monomethyl ether 
was '^cedwith polyethylene glycol monoalkyl ether (molecular weight: 500; number of carbon atoms of alkyl moiety 
12 to 15). and that tiie amount of methyl glyoxylate as used was changed to 18 g. thus obtaining an aqueous polymer 
solution containing block copolymer 5. Block copolymer 5 was analyzed by GPC. As a result, the peak of the polyethyl- 

r^ ya t m0n °^ ^ f US6d 38 3 Startin9 material of * e reaction - disappeared, and instead a new peak was 
recognized on a high molecular side. The number-average molecular weight of block copolymer 5 is shown in Table 1 



EXAMPLE A6 



was tESEJT TT> , ^ Way 35 * Examp,e A1 exce P t tnat Polyethylene glycol monomethyl ether 
was replaced wrth polyethylene glycol mononaphthoxy ether (molecular weight: 420). and that the amount of methyl gly- 
oxylate as used was changed to 60 g. thus obtaining an aqueous polymer solution containing block copolymer 6 Block 
copolymer 6 was analyzed by GPC. As a result, the peak of the polyethylene glycol mononaphthoxy ether, as used as 
a starting matenal of the reaction, disappeared, and instead a new peak was recognized on a high molecular side The 
number-average molecular weight of block copolymer 6 is shown in Table 1 . 

COMPARATIVE EXAMPLE A1 

FirstlOO g of methyl glyoxylate methyl hemiacetal and 160 g of phosphorus pentaoxide were placed into a 500 ml 
rourrt-bottom flask equipped wrth an efficient stiner and a heater. The contents of the flask were heated to 100 °C while 
stired for 1 hour and then allowed to cool to room temperature. The resultant aldehyde ester was recovered from the 
residual phosphorus pentaoxide by distillation and stored in a glass stoppered bottle 

Next. 10 g of freshly distilled aldehyde ester, as prepared above, and 4 ml of methylene chloride were placed into 
f I ?1 s, "P ,e i - necked - round-bottomed reaction flask equipped with a magnetic stirrer. The temperature of the con- 
tents of the flask was lowered to about 0 »C. and 5.3 g of ethylene oxide and 0.5 ml of boron trif luoride diethyl etherate 
!*^f !° ,n,tiate P 01 *" 18 " 23 * 0 "- "^e flask was kept in an ice bath until the temperature returned to 0-2 °C 

(about 45 minutes). The mixture was stirred at room temperature overnight. About 2 ml of 1 molar NaOH solution was 

a I^ 1 m,XtUre 3nd the V0latiles were amoved under vacuum. Then. 12 ml of 2.5 molar NaOH solution was 
added. The mixture was stined at about 0 °C for about 5 hours and then heated to about 40 °C for about 24 houis The 
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methanol and residual solvents were removed by rotary evaporation. The sofution was concentrated to about 15 %, pre- 
cipitated in about 100 ml of methanol, and stirred for 30 minutes. The precipitate was recovered by filtration and dried. 
The precipitate was then redissolved in distilled water, precipitated into methanol, stirred, and recovered by titration' 
The yield was about 74.8 %. Analysis of the product including the chain length, by Proton Magnetic Resonance (PMR) 
Spectra Analysis, showed that the product was a copolymer (hereinafter referred to as comparative polymer A1) having 
the following empirical formula: 



10 



HO(CH 2 CH 2 0 



Wp-tCHOfcr 

I 4 

COONa 



fCH 2 CH 2 0)it2 H 



15 



where n averages about 20. Y is -Ch^CH^- randomly distributed in the copolymer, and the ratio of p to q is about 1 .*3. 



Table 1 





Name 


Molecular weight of PEG 
moiety 


Number-average molec- 
ular weight of block 
copolymer 


Example A1 


Block copolymer 1 


4.400 (x=100) 


9.000 (y=48) 


Example A2 


Block copolymer 2 


4.400 (x=100) 


5.600 (y=12) 


Example A3 


Block copolymer 3 


3,000 (x=68) 


8.200 (y=54) 


Example A4 


Block copolymer 4 


924(x=21) 


5.000 (y=42) 


Example AS 


Block copolymer 5 


308 (x=7) 


4.500 (y=44) 


Example A6 


Block copolymer 6 


264 (x=6) 


11,800 (y=1 20) 


Comparative Example A1 


Comparative polymer A1 


Random copolymer (molecular weight 8.500) 



35 

Hereinafter illustrated are embodiments in which the above-obtained block copolymers are used as cement disper- 
sants. pigment dispersarrts, water-treating agents, and detergent builders. 

EXAMPLES B1 TO B2 AND COMPARATIVE EXAMPLES B1 TO B2 

40 

[Cement dispersant] 

The cement dispersibility was confirmed from mortar tests using block copolymers 1 to 2. comparative polymer 1 
(Na salt of naphthalenesulfonic acid-formalin condensed product), and comparative polymer A1 as cement dispersarrts 
45 as follows: 

First. 400 g of normal Portland cement and 800 g of standard sand from Toura. Japan were charged into a mortar 
mixer to knead them under dry conditions for 1 minute. Then. 240 g of an aqueous solution, in which a predetermined 
amount of cement dispersant was dissolved, was added into the mixer to knead the mixture for 3 minutes, thus obtain- 
ing mortar. This mortar was entirely filled into a hollow cylinder which was placed on a glass plate and of which the inner 

so diameter and the height were both 50 mm. The filled cylinder was softly lifted to define an average value between the 
length and the breadth of spread mortar as a mortar flow value. The larger mortar flow value shows the better dispers- 
ibility. Results of the mortar tests are shown in Table 2. 

As is seen in Table 2. it would be understood that block copolymers 1 and 2 give an equivalent mortar flow value in 
a smaller addition amount and are therefore more excellent in cement dispersibility. when compared with comparative 

55 polymers 1 and A1 . 
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Table 2 





Dispersant 


Addition amount 3 * (wt %) 


Mortar flow value (mm) 


Example B1 


Block copolymer 1 


0.25 


109 


Example B2 


Block copolymer 2 


0.25 


86 


Comparative Example B1 


^ Comparative polymer 1 b > 


0.70 
0.90 


86 
95 


Comparative Example B2 


Comparative polymer A1 


1.5 


98 



a) Weight % in terms of solid content of cement dispersant to cement. 

b) Na salt of naphthalenesuffonic acid-formaiin condensed product. 



EXAMPLE B3 AND COMPARATIVE EXAMPLES B3 TO B4 
[Pigment dispersant] 

The pigment dispersibility was confirmed by measuring slurry viscosity using block copolymer 1 . comparative pol- 
ymer 2 (sodium polyacrylate (molecular weight 5,000)), and comparative polymer A1 as pigment dispersants as follows: 

A slurry was prepared which had a light calcium carbonate (Brilliant 1500, made by Shiraishi Kogyo Kabushiki Kai- 
sha)/water ratio by weight of 60/40. Each polymer of 0.3 % by weight relative to calcium carbonate was added to this 
slurry. The resultant mixture was stirred for 3 minutes and then allowed to stand stationary for 1 minute. Then, the vis- 
cosity of the mixture was measured with a B-type rotatory viscosimeter, model BM (made by Tokyo Keiki Co.). When 
any polymer was not added to the slurry, the viscosity was unmeasurable. Results are shown in Table 3. 



Table 3 





Dispersant 


Slurry viscosity (cps) 


Example B3 


Block copolymer 1 


58 


Comparative Example B3 


Comparative polymer 2 


2,900 


Comparative Example B4 


Comparative polymer A1 


2,700 



When no dispersant was added, the viscosity was unmeasurable. 
EXAMPLES B4TOB6 AND COMPARATIVE EXAMPLES B5 TO B6 
[Water-treating agent] 

The performance of block copolymers 1 , 4, and 5 and comparative polymers 2 and A1 as water-treating agents was 
evaluated by carrying out a gelation resistance test and by measuring a scale inhibition ratio as follows: 

1 ) Gelation resistance test: 

Solution A was prepared by mixing 100 g of a 100 mg/l aqueous calcium chloride (dihydrate) solution and 1 ml of 
an aqueous solution of each polymer (concentration: 1 %) in a glass bottle of 225 ml in capacity and then adjusting the 
pH of the resultant test solution to 8.5 with NaOH. 

Solution B was prepared by mixing 1 ml of the 1 % aqueous polymer solution and 100 g of pure water as a blank 
instead of the 100 mg/l aqueous calcium chloride (dihydrate) solution in the same glass bottle as above-mentioned and 
then adjusting the pH of the resultant mixture to 8.5 with NaOH. 

The above-mentioned glass bottles were closed up tight and albwed to stand stationary at 90 °C for 2 hours. Then, 
the absorbance of the respective solutions in the bottles to UV 380 nm was measured to calculate the gelation degree 



15 



I 



10 



15 



EP 0 803 521 A1 

from the below-mentioned formula. The smaller numerical value of the gelation degree shows the higher gelation resist- 
ance, so the chemical acts more effectively. Results thereof are shown in Table 4. 

Gelation degree = (absorbance of solution A) - (absorbance of solution B) 
2) Scale inhibition ratio: 

u, ^Jl°J ° f , Water was p,aced into a 9lass bott,e of 225 ml ^ capacity. Next. 10 g of a 1 .56 % aqueous calcium 
chloride (dihydrate) solution and 3 g of a 0.02 % aqueous polymer solution were added into the bottle and furthermore 
10 g of a 3 % aqueous sodium hydrogen carbonate solution and 7 g of water were added to the bottle whereby the 
amount of the entire contents of the bottle resulted in 200 g. The bottle was closed up tight and then heated at 70 °C 
for 3 hours. Then, after cooling, the resultant precipitate was filtered off with a membrane filter of 0.45 um and the cal- 
cium concentration of the filtrate was measured by an ICP analysis method to calculate a calcium^carbonate scale inhi- 
bition ratio on the basis of the following formula. Results thereof are shown in Table 4. 



Scale inhibition ratio (%) = [(Z-Y)/(X-Y)] x 100 



where: 



20 



X is a concentration (%) of calcium which was dissolved in the solution before the test; 
Y is a concentration (%) of calcium in a filtrate to which no scale inhibitor is added; and 
Z is a concentration (%) of calcium in a filtrate after the test. 
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Table 4 





Water-treating agent 


Gelation degree 


Scale inhibition ratio 


Example B4 


Block copolymer 1 


O01 


75J3 


Example B5 


Block copolymer 4 


0.01 


85.3 


Example B6 


Block copolymer 5 


0.02 


90.5 


Comparative Example B5 


Comparative polymer 2 


053 


6a4 


Comparative Example B6 


Comparative polymer A1 

•>.„ - . *■ 


0.8 


48 



40 EXAMPLES B7 TO B12 AND COMPARATIVE EXAMPLES B7 TO B9 
[Detergent builder and detergent composition] 



45 



50 



55 



The performance of block copolymers 1 to 6. comparative polymer 3 (diglycolic acid), and comparative polymer A1 
as detergent builders and the performance of detergent compositions containing these polymers were evaluated by car- 
rying out washability and biodegradability tests as follows: 

1) Washability test: 

Detergent compositions were prepared by mixing each detergent builder (in terms of solid content), sodium salt of 
linear chain alkylbenzenesulfonic acid. #2 sodium silicate, anhydrous sodium carbonate, and anhydrous sodium sulfate 
in a ratio by weight of 3/25/1 2.5/1 2.5/47. 

In addition, dirty cloth was prepared as follows: 

First 6.64 g of myristylic acid. 6.64 g of oleic acid. 6.64 g of tristearin, 6.64 g of triolein. 0.88 g of cholesterol stea- 
rate. 4.40 g of paraffin wax (m.p. 48-50 «C). 4.40 g of squalene. and 3.52 g of cholesterol were dissolved into carbon 
tetrachloride, to which 39.76 g of clay (Kanto loam) (1 1 types of test dust made by Japan Powder Industrial Technical 
Society) and 0.48 g of carbon black (for washability test designated by Japan Oil Chemist's Society) were then added 
wherein the components other than clay and carbon black were commercially available first or special class reagents' 
The mixture was stirred at about 7.000 rpm for 30 minutes with a homomixer. thus preparing two sets of artificial grime 
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Next, test cloth (#3 white cotton doth according to J IS) was twice contaminated with the two sets of artificial grime using 
a continuous autocontaminator and then allowed to stand stationary at 25 °C for 3 weeks and then cut to make 10 cm 
x 10 cm artificial dirty cloth. 

Next, 8 sheets of the above-prepared 10 cm x 10 cm artificial dirty cotton cloth were placed into 1 liter of an aque- 
ous solution of the above-prepared detergent composition and washed at 100 rpm with Terg-O-Tometer (made by 
Ueshima Seisakusho Co., lid.) under the following conditions: 



(Washing conditions): 

10 Washing time: 

Concentration of detergent conposition: 

Sample: 

Hardness of water: 
is Water temperature: 
Rinsing: 



10 minutes 

200 ppm (calculated as sodium salt of linear chain alkylbenzenesutfonic 
acid) 

200 ppm *■"" 
3° DH 
25 °C 

5 minutes with tap water 



The washability was evaluated by measuring the respective reflectivity of the uncontaminated original white cloth 
and the dirty cloth of before and after washing with a color difference meter, and then calculating the washing ratio on 
20 the basis of the following formula: 

Washing ratio (%)= {(reflectivity of dirty cloth after washing) - (reflectivity of dirty cloth before 
washing)}/{(reflectivity of white cloth) - (reflectivity of dirty cloth before washing)} x 100. 



2) Biodegradabilrry test: 



The biodegradability was evaluated by measuring the biodegradation ratio in accordance with a revised MITI test 
(I) method as disclosed in an OECD guide line. 
30 Results are shown in Table 5. 
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50 

The washing ratios in Table 5 were average values of the 8 sheets of dirty cloth. 
Claims 

55 1. A block copolymer which comprises: 

a polyalkylene glycol structural unit of the following general formula (1): 

4C n H 2n O.)- x 



(1) 
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« 



wherein: n is an integer of 2 to 4; and x is a number of about 5 or more on average; and 
a polyglyoxyiate structural unit of the following general formula (2): 
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eCHO^y— (2) 

COOM 

wherein: M denotes one type selected from the group consisting of a hydrogen atom, alkyls with 1 to 4 carbon 
atoms, metal atoms of 1 to 3 in valency, ammonium groups, and organic amine groups; and y is a number of 
about 10 or more on average. 

2 " A ,^^ COP ° ly ! T1 ! r accord[n 9 to c,aim 1 • wnerein * least one terminal moiety is selected frorrTthe group consisting 
of structures of the following general formulae (3) and (4): 

-OC n H 2n OR 1 (3) 

^^"L 0 iS f n inte96r 01 2 10 4i and Rl den0l6S ^ type selected ,rom the 9 rau P insisting of a hydrogen atom 
alkyls, alkenyls, alkylphenyls, phenyl, and benzyl; and 

V 

- CHOX (4) 
I 

COOM 

wherein: M denotes one type selected from the group consisting of a hydrogen atom, alkyls with 1 to 4 carbon 
atoms, metal atoms of 1 to 3 in valency, ammonium groups, and organic amine groups; and X denotes a group 
which is chemically stable to depolymerization of the block copolymer). 

A block copolymer according to claim 1 . wherein x is in a range of about 20 to about 500 on average. 

4. A block copolymer according to claim 1 , wherein a ratio by weight of the polyalkylene g i yco , structural unit to the 
polyglyoxyiate structural unit is in a range of about 2/8 to about 8/2. 

35 5. A block copolymer according to claim 1 . wherein the number-average molecular weight of the block copolymer is 
in a range of about 2,000 to about 50,000. ^ 

6. A block copolymer according to claim 1 . wherein one of the structural units is designated A and wherein the other 
structural unit is designated B and wherein the block copolymer is an AB type block copolymer. 

7. A block copolymer according to claim 1 . wherein one of the structural units is designated A and wherein the other 
structural unit is designated B and wherein the block copolymer is an ABA type block copolymer. 

8. A block copolymer according to claim 1 , wherein one of the structural units is designated A and wherein the other 
structural unit is designated B and wherein the block copolymer is a copolymer having at least one AB type block, 
at least one ABA type block, and at least one BAB type block. 

9. A block copolymer according to claim 2, wherein X is selected from the group consisting of Alkyls, oxygen-contain- 
ing alkyls, and oxygen-containing cycloalkyls. 

1 0. A block copolymer according to claim 1 . wherein y falls in a range of about 20 to about 500 on average. 

1 1 . A block copolymer according to claim 1 prepared by a process comprising the step of carrying out a polymerization 
reaction between: 

a polyalkylene glycol of the following general formula (5): 

R 1 0{C n H 2n O> x H {5) 
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wherein: R 1 denotes one type selected from the group consisting of a hydrogen atom, alkyls, alkenyte, alkyl- 
phenyls, phenyl, and benzyl; n is an integer of 2 to 4; and x is a number of about 5 or more on average; and 
a glyoxylic acid-based monomer of the following general formula (6): 

CHO (6) 
I 

COOR2 

wherein R 2 denotes an alkyl with 1 to 4 carbon atoms; 

in the presence of a catalyst in a polymerization reaction system which has a water content of about 30 mo! % or 
less relative to the polyalkylene glycol. — 

12. A cement dispersant which comprises a block copolymer as recited in claim 1 . 

13. A pigment dispersant which comprises a block copolymer as recited in daim 1. 

« 

14. A water-treating agent which comprises a block copolymer as recited in claim 1. 

15. A water-treating agent according to claim 14, wherein n is 2. 

16. A detergent builder which comprises a block copolymer as recited in claim 1 . 

17. A detergent builder according to claim 1 6, which is used for a liquid detergent composition. 

18. A detergent composition which comprises a surfactant and a detergent builder as recited in claim 16. wherein: 

the surfactant is at least one type selected from the group consisting of anionic surfactants, nonionic sur- 
factants, cationic surfactants, and amphoteric surfactants; 

the surfactant comprises a concentration of about 10 to about 60 % by weight of the detergent composition- 
and ' 

the detergent builder comprises a concentration of about 0. 1 to about 60 % by weight of the detergent compo- 
sition. 

19. A process for producing a block copolymer, which comprises the step of carrying out a polymerization reaction 
between: 

a polyalkylene glycol of the following general formula (5): 

R 1 0<C n H2nOf x H (5) 

wherein: R 1 denotes one type selected from the group consisting of a hydrogen atom, alkyls, alkenyls. alkyl- 
phenyls, phenyl, and benzyl; n is an integer of 2 to 4; and x is a number of about 5 or more on average; and 
a glyoxylic acid-based monomer of the following general formula (6): 

CHO (6) 
I 

COOR2 

wherein R 2 denotes an alkyl with 1 to 4 carbon atoms; 

in the presence of a catalyst in a polymerization reaction system which has a water content of about 30 mol % or 
less relative to the polyalkylene glycol. 

20. A process according to claim 19. which further comprises the step of carrying out a saponification reaction of the 
resultant block copolymer using an alkaline substance. 
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